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4 * FOREWORD 
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е THIS BOOK TELLS YOU... 


THE Earth on which we live is a great ball of rock. The 
water of the seas fills the lower hollows on its surface 
and we live on the highér, drier land. Round the Earth 
there is a thick layer of air. We cannot leave the Earth. 
We may go up into the air in an aeroplane but we can- 
not fly right away. We are born on the Earth, we live 
there, and we die there. 

We must have certain things in order to live. These 
are food, drink, and air, But we also want many other 
things. We want houses to live in, glothes to wear, tools 
and machines to help us with our work, fires to cook our 
food ‘and (atetimes) to keep us warm, ships, trains, cars 
and aeroplanes in which to travel. The materials from 
which these thin 95 are made must come, in some way, from 
the Earth. We cannot go anywhere eise ! 

We get many useful materials from plants. Plants, 
of course, providé us with much of our food. Cotton, 
linen, and jute (from which sacks and boat-sails are made) 
come from plants. „ It would be almost impossible to 
make a°listoof all the uses of different kinds of wood, 
The list would include the making of paper and silk. 


p 


Rubber, palm-oil (for soap), gum, and paint-oi] аге 


further examples of useful plant products. á 
Then we get other useful materials from ap:mals. 
Some kinds of food, sucisas meat, eggs, milk, ana butter, 
come from animals. Sh р provide Us with wool from 
which we make cloth : we make leather from the skin of 
"cattle and goats. | 
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а саў plants, or eat other animals which have 
int Mm Se Plants obtain their food from the ground 
m which 19У Brow and from the air around them.” So 
Ee ui y hat all the materials whi&h we get from plants 
2 d 5 really come from the Earth. 2 
Strait Қр Әне materials, however, which we obtain 
We Клайн ihe Earth. These are the materials which 
materials for ОГ make from, the “rocks. We use such 
h many purposes. We use some for building 
ouses, roads, and bri g 
oil, are used А tidges. Others, such as coal апа 
from which we or burning. Then there are the metals 
and ships, and ror tools, machines, aeroplanes, engines 
and pots. as € substances from which we, make glass 
jewels, for or use other materials, such as gold and 
are used for ADM ; Some, such 45 salt, we eat ; some 
improving the s BS dyes, medicines, and fertilizers (for 
from compl ou in Which plants grow). This list is far 
piete but it helps to E 
; show you the many ways 
rug from the rocks. 
; : te Stories of 5 \ ; 
We find іп, or make ОЙ, ү of the materials which 
S deed rea bi cks. We cannot, in this 
the rock-materials. We have t book, tell the story of all 
шап ones. A “ treasure Hosen some of the more 
ка Value. As you read j^ iS something which is 
Agree that wa and of their jhe stories of how yee 
at they are Treasures fpimpgrtant uses. you Wl 


)m the Earth. 
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% CHAPTER I 


© THE ROCKS OF THE EARTH'S CRUST 

As we walk in the fields near our homes, or travel by 
train across the country, we see that the ground is made 
of different kinds of materials. We see the dark-coloured 
soil in which plants grow, the sand and mud by the side 
of a lake or river, and the harder ground of the hills and 
mountains. We see clay, chalk, building stone, and so 
on. In sciénce all the materials of which the Earth is 
made are called rocks. We usually think of rock as a 
hard material like stone but in science the softer materials, 
like sand and clay, are also called rosks. 

The Earth consists of many kinds of rocks. We know 
most about the rocks which are near the surface. We 


‘see them in plices where the side of a hill has been cut 


away to make level ground for a road or railway. We 
see the rocks in the steep bank of a river and in the cliffs 
by the sea, Then men have seen the rocks in the mines 
from which coal (or other useful materials) is obtained. If 
we think of the Earth as a very big orange, the rocks which 
we see form part of the skin. This skin, which is 10-30 
miles thick,-is called: the Earth's “crust.” Below this 
crust there is a thick layer of heavier rock and in the 
middle, where it is very hot, the rocks are melted. 
Scientists believe that, millions of years ago, the Earth 
broke away from the svn. Itwas very hot. Asit cooled, 
the outer surface becam: solid first. The middle has 
not yet properly cooled.; In some parts of the Earth 
great masses of melted rock have been pushed through 
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holes and cracks in the crust out on to the surface. Moun- 

tains from which melted TOCks are sent out are called 

volcanoes. Some volcanoes are still active, that is, they 
i many:are no longer active. 

out ashes and streams of melted rock ; 


you can find a piece near your home. It is a hard, rather 
heavy rock. Tt iş ; 


often grey with white or pink өрді 
If we look at a piece @ 

is made up of little bits 

Some of these bits shine in the light. Хоп 

It consists one реш 

: dges., We call such pie 

GRE Granite Consists of an kinds of crystals stuck 

pert ег by a kind of glassy solid. The biggest crystals, 

ООС ones, are white or pine eue 

-c felspar? Then there are smaller 

S shaped like thin flat plates, Thesé may be white, 

glass tke, b К. The Material is called “ mica.” The 
5 бел Material js called “ quartz.” ) 
* д е 

slowly, 5 dm formed when melted rocks cool very 


. volcano 
Cools quickly it hee rock which comes from a 


+d qt Ч glass, 
S a solid like dark-coloure А 
t ME io slowly Small crystals’ are often Шү 
Sai i WT stals, 
Were formed p P'ahite, Which contain large cry: 


Я і саре 
through the sy p Melted rocks which did not escap 


in cracks in 
the > ©. They cooled very slowly in cra 
the E anes еер eae the surface. Afterwards, 
ik үз M Were gradually worn away. Ав 
E have been formed from melted rocks, 
tefornied” rocks. The scientist 
Igne; ^ ü y 
ош тод (Latin ignis = йге). 
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"үйе Earth's crust at first consisted only of igneous 
rocks but during the millions of years since jt was formed 
many changes have taken place. Wind, rain, ice, and 


o е Quartz crystals. 


rivers gradually break up and wear away the surface 
of the land. The little bits of rock are carried away, 
chiefly by the rivers, to lower parts and, especially, into 
the seas. The material may be carried out to sea but at 
last it falls to the bottom. After many years it forms a 
thick layer on the sea-bottom and is changed into hard 
rock. 

If you look at а hill-side which has been cut away or 
at a steep cliff by the sea, you often find that the rocks 
are in layers (see the picture on p. 4). Layers may be 
of different colours and may consist of different kinds of 
rock. Millions of years ago these rocks were layers on 
the bottom of some ancier.t sea. They were formed from 
bits of rock carried to thd sea by rivers. Then changes 
gradually took place in the Earth’s surface and the layers 
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“ layer ” rocks. 

hem * sedimentary * Tocks. (А 
les down at the bottom ОҒ 

om оЁ some dirty water.) 


> 


the sea-shore 
_ In sandstone Tocks 
à so that the rocks 
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creatures and from chalk particles which fell to the | 
bottom. Coal is another sedimentary rock. We shall 
read in Chapter Ш how it was formed. ° 

Some rocks havesbeen very much changed since they 
were fogmed. Rocks, once deep down in the Earth, 
have been strongly pressed by the weight of rocks above 
them. Some have been changed by the heat of melted 
rock which has come near them. Both igneous and 
sedimentary rocks may be changed by pressure and heat. 
Slate is a well-known example of a changed rock. It was 
formed from а clay-rock by great pressure. Some 
changed rocks have coloured marks and bands and are 
used for making ornaments. 

By studying the kind and age of rocks in any particular 
district, men can learn where they might find the useful 
rocks they need. Thus the rocks from which metals аге 
made are often crystalline (made of*crystals). They are 
therefore most likely to be found in places where much of 
the ground consists of igneous rocks or where igneous 
rocks have filled cracks in old sedimentary rocks. Coal 
is а sedimentary rock. It would not be found in a district 
consisting largely of granite. Тһе sand and mud dropped 
at the bottom of a river, or where a river has flowed over 
its banks, may contain small amounts of rocks which 
the water has picked up in another place. In some 
countries tin and gold are found in river sand, but usually 
there is so little uséfui rock, and it is so much spread out 
among the sand particles, that men would only waste 
their time in looking for;it. 

Some rocks, like chalk and limestone, consist chiefly 
of one kind of material, but many are mixtures of several 
kinds. Granite, as we have learned, is a hard mixture 
of.felspar, mica, and quartz. Each pure material found 
in a rock is called a * mineral." Chalk consists of one 
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remained», | nite consists of three minerals. We сап 
angle or ў and ask “ What are minerals made of ? ” 
The scisf st leave our main story for a short time and read 
sediment ferent kinds of materials. You know the metal 
a liqui? We may heat gold, we may pass an electrio current 
jugh it, we may try all kinds of experiments оп it, but 
Ё never succeed in getting any new material out of it. 
{уе cannot decompose it, that is, we cannot split it up, 
F into two or more materials different from gold. Way С 
that gold is an “element.” We canje compose RA 
clement. Iron, copper, tin, and a pure metals аге 
elements. Carbon (the black mat |. 

; ; jal in half-burned 
wood and in coal) is an element. T isis chic vla) 
of two gases called oxygen and nit- Gr consists ene "d 
gases is an element. The very 1(08°0: Each of these t 

is used in balloons and air-ships, t845 hydrogen, which — 
best known in the form of a yello2n element. Sulphur, | 
Ао there are about 90 powder, is an element. 
20-30 of them аге common, Ments byt only zhout | 
Many other common mate. | 
Thus water is not an element "s are 8not elements. 
it, by means of an electric cure can easily decompose 


Lisi. 

oxygen and hydrogen. If we sit» into the two gases 
oxygen and hydrogen they join ¿light to a mixture of | 
of water. So water consists gether and make drops | 


together. We call 1 t 1 ts joined 
. ае wo elements joine 
pound. From it m 


gas (chlorine). 
—carbon, охуре 

We must be s 
а mixture and 


we can obtairund-” Salt 15 а com- 
Sugar is a cont metal (sodium) and a | 
п, апа hydroge 9nd of three elements | 
ure we understz' А 
t а compound. id the difference between } 
Some iron “ filings °? (made pyUPPose we mix together | 
а file or similar rough tool) rubbing an iron bar with 
ook carefully we can stil] seed some sulphur. If we | 
1e shiny bits of iron and 
| | 
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the dull, yellow bits of sulphur. If we dip a magnet into 
the mixture we can pull out the bits of iron and leave the 
sulphur behind. The two elements are only mixed «to- 
gether. But iron and sulphur can be made to join to- 
g&ther te form a compound. АП parts of this compound 
look alike; we cannot see the different bits of iron and 
sulphur. A magnet will not separate the iron from the 
sulphur, in fact, we cennot easily separate them. Let us 
take another example. гоп rust is a compound of iron 
and oxygen. It does not look like iron and it certainly 
does not look like the gas oxygen. Тһе two elements are 
joined together, we cannot easily separate them, and the 
compound looks quite different from either of them. 

As we go along we shall have to use the names of 
various compounds. Do not be frightened by names. 
Learning the name of a compound is no harder than 
learning the name of a friend, anè we will explain all 
names as fully as we сап. We will learn one name now. 
When an element joins with oxygen the compound is 
called an “ oxide.” hus a compound made from iron 
and oxygen is called iron oxide (or, sometimes, oxide of 
iron) In the same way, a compound made from tin 
and oxygen is called tin oxide, and so on. 

Many useful minerals are oxides. Thus the rocks 
from which many. metals are made consist chiefly of the 
oxides of the metals. There is one oxide which is far 
more common than any other. It is the oxide of an 
element called silicon. Now you may never see this 
element (it is a dark brown powder) but you have certainly 
seen its oxide. Sand consists chiefly of silicon oxide : 
quartz is almost pure silicon oxide. This oxide is so 
common that we give it a special, single name. We call 
it “silica.” Тһе many kinds of sandstone, therefore, 
consist chiefiy of silica. There are also more complicated 
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compounds which consist of silica joined with other 
metals. These compounds are called “ silicates.” Felspar, 
mica, and most igneous rocks consists of various silicates. 
Clay is an impure form of aluminium silicate. Ж 

Іп 1924 бүс Ameri- 
Magnesium 2% сап scientists,tried to 
кта {үа out how much there 
is of each element in 
the outer 10 miles of 
the Earth’s crust. They 
Silicon 27⁄4% COUld not, of course, 


OTHER ELEMENTS 


1%% examine the whole of 
Titanium this very big amount of 
DIES rock, so théy examined 
Pho: 

ЖИЕГИ samples taken from 
Manganese rocks all over the world. 
Sulphur 


ond Oxygen 47% 


As you might expect, 
they found that oxygen 
and silicon are the most 
common elements, 
IUE Aluminium is the next 
қ most common (clay- 

rocks are aluminium compounds) and then comes 
Iron. Fig. 1 shows the most common 
the elements are 
i compounds. Chalk and lime con- 
tain the metal calciu soda ате well-known 
ng the metal Sodium; potassium 
You have probably heard of 

nts named in the drawing (it 
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| are spread through the rocks in the Earth's crust so that 
| there is very little in any one place. But, you may say, 
| the drawing does not show copper, tin and other well- 
| known metals. Nos these elements are less common in 
| tfe Earth's crust than those shown. Fortunately, the 
| rocks which contain them are not spread all over the 
Earth but found in heaps in different countries. Then, if 

| men look in the rightplaces, they find enough for their 


| needs. e 
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Notice that limestone is not made of lime but is the 
tock from which lime is made. Pieces of limestone are 
put into a special oven and Strongly heated by a coal 
fire or by hot gases. The picture on p. 13 shows one 
of the kinds of oven which is used. A strong streani 


of air carries the carbon dioxide away ard the quicklime 
is left behind. 


Quicklime 15 a hard, white substance. 
water is poured over a 
and gradually turns into 
which we call ** slaked ^ 
you know. 

A builder uses “ mortar ” 
He adds enough water 


When a little 
piece of quicklime it becomes hot 


` lime, is the ordinary lime which 


to join the bricks together. 


to quicklime to chauge it into 
Slaked lime and to make it into a paste. Then he 


adds some sand and, sometimes, some ashes. This 
mixture is mortar, He puts it, while it is still soft, 
between the bricks. It gradually becomes hard, First it 
dries and then the lime in it takes carbon dioxide from 
the air and slowly changes back into lineestone, The 


builder may add a little cement to the mortar to make it 
stronger, 


Cement is a very im 
Englishman found ou 


t how to make it, from clay and 
chalk, about 130 


years ago. The clay and chalk are 

i i actly the right amounts, 
til it just begins to melt. 
5 some of the long, round ovens 
it cools it forms Solid pieces, 


This paste 
Strangely, 
It is used for 


afine, dry powder. This powder, | 
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many purposes. It is often made into bricks or blocks. 
'These can be used instead of stone or,ordinary bricks. 
Houses are often built from cement blocks: а 


“ к v 
(Hy courtesy of The Cement Marketing Со, 
Cement kilns (ovens). 


If little bits of brick or stone are mixed in with the 
sand and cement a stronger material is made. We call 
it“ concrete." Scientists have studied how best to make 
concrete and, if properly made, it is one of the strongest 
building materials known. It is used for making bridges, 
roads, and big buildings. Sometimes it is made into 
blocks and used instead of bricks but more usually walls 
are made all in one piece. First, wooden boards are 
fixed up with a space between them. The concrete paste 
is then poured into the space. The boards are left up 
until the concrete has become hard: When the boards 
are taken away a strong concrete wall is left. 


CHAPTER II 
BUILDING MATERIALS 


WHAT materials were used for building the house in 


What materials’ were used for the big 
buildings in your town? Throu 


different countries, men һауе us 
of building material, Houses have been 


y made of stone. The ancient 
ilt wonderful stone temples and 
les there are fine stone churches and 

y kind of rack has‘ been used, at 


The best kinds of rocks 
are those which ca 


Suitable size and yet are strong and lasting. Hard kinds 
of sandstone and limestone make very good building- 
een used for many famous build- 


Some fine 


1 Purposes, the builder depends upon 
three important TOCks. These are clay, sand, and lime- 
10 


п be shaped fairly easily into blocks of 
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(Photo : 


The satrance to Windsor Castle (England). А fine example of a sandstone 
building. 


stone. From them, all common building materials are 
made. 

Clay is a yery common rock. It is soft and sticky 
when it is wet and you can easily press it into different 
shapes. When it dries it becomes hard. Pure clay 
consists of very small particles of a kind of aluminium 
silicate (р. 5) but asually it also contains small particles 
of other rocks such as sand, felspar, and chalk. Mud is 
a kind of clay. Shake up some mud with some water. 
It settles to the bottom very slowly. This is because the 
clay particles are very small. 

Ordinary dry clay can be made soft again by adding 
water. If, however, clay is heated strongly, it becomes 
_ a hard stonc-like mass. It cannot now be softened again 
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as in this chapter for example, it is quite clear what we 
mean, we just use the name “gas.” There аге “ gas- 
works " now in most countries where coal “is common. 
The picture below is a view of a gas-works. Let us read 
wlat happens there. 

Fig. 4 shows the main parts of a gas-works. The coal 
is heated in large ovens. Some oyens hold as much as 
1 ton of coal each, and;in a large gas-works there may Бе 
as many as 300 ovens. A pipe leads from each oven to 
a large pipe at the top of the building. The impure gas, 
which contains drops of tar and water, and looks like 


green-grey smoke, passes into this large pipe. Next, as 


in the experiment, the impure gas is cooled. It passes 


through iron pipes which are cooled by the air which 
is round them or by running water. Неге, most of the 
tar and water comes out of the gas; they run away into 
a hole or container called a “wellj’ The gas is now 


SRETORT OVENTHOUSES m 


pie am] RSS 


(By courtesy of the North Thames Gas Board) 
'a — View of a gas-works (England). 
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by water. Bricks, cups, pots, and other similar things 
are made by first shaping wet clay and then baking the 
clay to make it hard. 


We do not know who first found out how to make 


4,000 years ago. In very hot countries buildings can be 
made of mud or Clay bricks which have been hardened 
in the sun, but the best bricks are-made by heating the 
clay in a special oven. The clay is ground to fine powder, 
mixed with a little water (and, sometimes, a little sand), 
and pressed to the ргорег shape. After drying in the air, 
it is baked in the oven. Ordinary bricks are porous, 
that is, there are very small holes in them (too small for 
you to see) and they draw up water just like a tag or piece 
of blotting paper. If the clay is heated to much higher 
temperature, parts of it melt and fill up the holes. Then 
the bricks are not pcezous. 

Millions of bricks are used for building houses, The 
colour of a brick depends upon the impurities in the 
Many bricks are red. This is because clay often con 
small amounts of iron compounds. 


clay. 
tains 
In the making of the 
ds form a red rust-like substance. 

clay are used fo 
can be made 


making of iron апа other 
metals. The insides of these fu 

bricks ^ a Strong heating without 
cracking or Spoiling. Fire-bricks are made from the clay 
(called fire-clay) which is found below a layer of coal 
(see Fig. 2). 


Several 


important building materials are made from 
lime. We know lime best as the white powder which 
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verre S 
(Photo : Picture Post Library) 
“ Lime burning."—Heating the limestone in kilns (ovens) » 
to make quicklime. 


we put on the soil to make it better for growing plants. 
It is made by heating chalk or, more usually, limestone. 
Both chalk and limestone consist of a compound called 
calcium carbonate. When calcium carbonate is heated, | 
it decomposes, or breaks up, into a form of lime (called 
quicklime) and the gas carbon dioxide. We can write 
the change in this short way : 


calcium carbonate —~ quicklime + carbon dioxide 


__ (We use the sign — to mean “ makes ” or “ becomes.”) Б 
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In London and other big cities there are some ver 
big buildings. These are strengthened by steel bars 
inside the walls. First the framework of the building is 
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(Photo by Ewing 
Sky-scrapers in New York, 


made with the bars and then the walls, of Stone, brick 


9r concrete, are built round them. You-have robabl 
heard of the very tall buildings in some cities in Ament 
үс к yes арза You сап see some in the 
picture. Some of these are p 
B. nearly 1,000 feet high 


ше TOOMS One above the other. These 
great buildings actually bend a little in the wind but 
they are perfectly safe because 


e. of the steel bars in their 


~ 


i 
1 


о BUILDING MATERIALS 


~ oe 


p 


p W 


x 


гу 


АНУ A A taal 
~ "ч ` Rs. р 4 


| Che у 25 3 


Д - T - а 
jn a 


wr 
y 
. 


ў 
= 
Mi ^ ORO 


ғ ba 


(North Wales). 


` 


' 


| (Photo : Val Doone) 
A slate “ quarry ” where slate is cut from the mountain side 
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oe 
(By courtesy of the North 
d л 

Retorts (ovens) in a large gas-works. 


fairly clear but still contains ammonia and other impurities, 
The gas is therefore pumped through further containers 
where it is “washed” and then purified. Two kinds 
of washers are shown in the drawing. The first is a 
tower packed with wooden boards or old pieces of coke. 
The gas passes up the tower and water drips down from 
the top. The water dissolves the*aramonia and carries 


it away to the well. In the second washer of the drawing, 


the gas passes between Moving pieces of metal which are 
П 


kept wet with water. In the “purifier ” the gas passes 
over trays of iron oxide, This takes 


bad egg is due io hydrogen sulphide.) The gas next 


passes through à meter, which measures how much gas 
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is made, and then into big gas-holders. These are clearly 
seen in the: picture on p. 29. Here the gas is stored 
until it is needed. 

Let us see what we get from ONE TON of coal. Roughly, 
we get 


270 Ibs. (ог 13,000 cubic feet) of gas 

1500 Ibs. of coke (left behind in the ovens) 

120 Ibs. (about 11 gallons) of tar 

Enough ammonia to make 25 lbs. of fertilizer (see 
later). 


The rest is chiefly water. 

For many years gas lamps were very common in the 
houses, streets, and factories in England. Now electric 
lamps are more often used. Gas is much used, howeyer, 
for heating purposes. Most houses in England have 
cooking ovens which are heated by bvening gas, and some 
factories use gas in a similar way. The gas is sent from 
the gas-works to the houses and factories in big pipes 
buried under the streefs. The coke, too, is a fuel. It 
does not burn so well as coal, and does not make a flame, 
but, if it is first made hot, it continues to burn. It is used 


^in many houses and factories for boiling water. The 
-coke also has other uses; we shall meet it again later 


in the book. We see, then, that from the dirty coal, 
which makes smoke and ash when it burns, we get two 
other fuels (gas ard coke) which are cleaner and more 
useful. 

The ammonia is used to make a substance called 
sulphate of ammonia. All compounds of ammonia con- 
tain nitrogen. A farmer adds sulphate of ammonia to 
his soil to provide the nitrogen compounds which growing 
plants need. A substance which is so used for improving 
the soil is called a “ fertilizer.” Even the material left” 
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Va us kinds of materials have been used for making 
the roofs of buildings. For hundreds of years men have 
made уегу good roofs of sticks and straw but many roofs 
are made now of “tiles,” that is, flat pieces of stone or | 
brick. Slate is much used for making tiles. „This is a 
“changed " rock formed from clay by great pressure inside 
the Earth. Some of the best slate in the world is dug from 
mountain-sides in North Wales. ә The picture on p. 17 
shows one of the digging-places. Slate splits very easily 
into thin, flat pieces. These pieces make excellent tiles. 

Asbestos is another material, which, particularly in 
recent years, has become important in building. In Eng- 
land asbestos tiles are used for huts and small buildings, 
but in some countries (such as parts of Africa) both tiles 
and building blocks are far more widely used. The 
mineral consists chiefly of magnesium silicate. It is a 
strange mineral for.it is made up of fibres (threads). The 
fibres are separated by crushing and boiling. Long fibres 


of asbestos cloth. Short fibres are тайе into a paste 
with water and pressed into sheets and blocks. For 


(e.g. over 2 in. long) сап be spun and woven into a kind | 


The most important quality of asbestos is that it does 
not burn. It is therefore used for making firemen's 
clothes, brake linings (for cars), and fireproof wall linings. 


building purposes, a little cement is added. | 
| 


It is also a bad conductor of heat, that is, it does not let | 


heat pass through it easily. It is wrapped round pipes | 


Asbestos tiles and building blocks have the advantage 
that they keep out the heat of the sun (hence their use in 
hot countries) but the tiles break rather easily and may be 
blown away by the wind. 

Most buildings have glass windows. Have you evel 
thought how useful glass is to us? Маке a list of alll th 


7) 


which carry steam in factories to keep in the heat. | 
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glass things which you use in your home. You will be 
surprised at the length of the list. Glass does not wear, 
we can clean it easily, it can be made into all kinds of 
shapes, and, most important of all, we can see through it. 
Ordinary glass is made by heating a mixture of sand, soda, 
and lime. The mixture melts and forms a clear, sticky 
liquid. As it cools, it becomes more and more stiff, and 
at last becomes a cleas, colourless solid. This is glass. 
While the glass is still a stiff, half-liquid material it can 
be shaped. Flat glass is made by pressing the material 
between rollers. Other substances, such as lead oxide, 
are sometimes used instead of lime in the mixture, so that 
‘different kinds of glass (for example, extra hard glass) 
can be made. 
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behind in the purifier has a use. A very important sub- 
stance called sulphuric acid can be made from it. 

»We have hot yet learned what happens to the tar. At 
one time men thought it was useless; now it is one of the 
most valuable substances we get from coals It is’ a 
mixture of very useful compounds. Scientists have been 
able to separate about 200 different compounds from tar, 
and from them over 2,000 useful sabstances can be made ! 
Quite clearly. we can only describe a few of them in this 
little book. 

Some of the most important substances which are 
made from tar are dyes. Man's first dyes were made 
from the juices of berries, flowers, and certain kinds of* 
wood. The dark blue dye called indigo, made from 
certain plants, has been known for thousands of years. 
There were not many different dyes and some were 
difficult or costly to make. Then, in 1856, an English 
scientist called William Perkin made a dye from one of 
the substances in tar. It was a pale purple dye ; we call 
the colour “ mauve.” To-day this dye is not used much 
but, for a number of years after its discovery, it was used 
for printing postage stamps. After Perkin’s discovery, 
other scientists, both in England and in other countries, 
carefully studied the substances in tar and found out how 
to make a great number of dyes. Some of the dyes are 
the same as those which were once obtained from plants 
(indigo, for example, is now made їгот tar) but many of 
the dyes are new. It is interesting to note that the 
~ Khaki ” (brown) of the British soldier's clothes and the 
Royal Air Force “ blue ” are coal-tar dyes. 

Many kinds of useful medicines are made from the 
substances in coal-tar. There are medicines to cure 
head-aches (such as * Aspirin "), medicines to ease pain, 
medicines to heal wounds. Most anesthetics (which are 
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used to cause deep sleep so that a doctor can cut the 
body of a sick person) are made from coal-tar. Then, 
from coal-tar, many scents can be made, and also sub- 
stances to give pleasant tastes to cakes and sweets. Certain 
useful oifs are obtained from the tar. One of them, called 
benzene (or benzole), can be mixed with petrol (p. 40) 
to make a very good fuel for motor-cars and aeroplanes. 
Another one (called crtosote) is used for stopping wood 
from rotting in wet weather. Nylon (artificial silk used 
- for stockings) is made from coal-tar products. 
What, then, do we owe to coal? The answer is heat, 
power, gas, dyes, medicines and many other important 
‘substances. Coal is surely the most useful “treasure ” 
from the Earth. That is why we have called this chapter 
King Coal. 
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GOLD is a very rare substance and¢s worth a lot of money. 
Stone and clay enable us to make fine buildings, Iron is 


certainly a most useful metal, 

from the Earth which is proba 
any of these. It is coal, 
burns so well in a fire, affects 


Tn England and America coal is well-known 


coal is used in the makin 


But there is one Treasure 
bly more important than 


That dirty, black rock, which 


our lives іп many ways. * 


of very complicated compounds, samd that tHese com- 
pounds consist chiefly of the elem 


oxygen, and nitrogen. He woul 
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Remains of fern leaves іп a rock found іп а coal mine. 


long time and have gradually been changed and pressed 
into hard, black rock. 

Millions of years ago, the seas and the land did not have 
the shapes which they have to-day. The part of the Earth 
which we now call England, for example, was, at one 
time, low-lying wet land covered with a thick forest, with 
уегу hot weather much liké Nigeria to-day. The trees 
were different from those which we know now. Many 
other plants, particularly ferns, grew among the trees. 
As these trees and plants died, the branches, stems, and 
leaves fell and made a thick layer on the ground. These 

- remains of plants began to rot. While this was happening 
the ground was very slowly sinking.. Gradually water 
from the rivers, and perhaps, from the sea, flowed over 
the rotting remains of the plants. The water brought 
‘sand and mud and buried the remains. With the passing. 
of.thousands of years the layer became deeply buried in 
‘the ground. There, the great pressure and the heat 
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e 


turned the plant-remains into coal. While this was 
happening, certain gases escaped, so that the coal became 
richer in carbon than wood. 

You may wonder how we know that coal was formed 
in this way. Fig. 2 shows a hole or * shaft °» which’ is 
made in the ground to Teach the coal. Wé can see 
some of the other rocks which are near the coal. The 
Tocks near a layer of coal are always of the same kinds 


re may be more of one than 
another). Underneath the coal ther 


of clay. It often contains the remain 
It is the soil in which the plants grew long 4g0. Above the 
Coal there is always shale (a rock formed from mud or 
clay) or sandstone or both, These rocks show that the 
plants were buried in the way which we have described. 


Then we often find the 
Surface of ground. : 
2 remains and shapes of 

СУЫ ДА | AO KW a pa plants in the rocks near 
шлген ы Е кы "ие ‘coal. (We do not 
ip нына жыны мусш Often find them in the 
кий сене les Л шы ы. Сс] itself.) They show 
us what kinds of plants 
Were growing in those 
times long ago. There 
are often two, or more, 
layers of coal (Eig. 2). 
This *shows that plants 
grew again on the sand 
апа mud which buried | 
the first plant-remains, 
ae SSS but they too were later 

= а buried. 

——— There are many dif- 

Fig. 2. ferent kinds of coal. 
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Some coal is rather soft and brown-black in colour. It 
contains 60-75 per cent. of carbon and burns with a very 
smoky flame. Plant-remains are often found in this kind 
of coal; it seems te be “ young” coal which has not 
properlyformed. Ordinary coal is black and shiny, and it 
splits fairly easily when it is knocked. It contains 75-90 
per cent. of carbon. It burns well with a bright flame; 
making only a little smoke, and leaving only a small 
amount of ash. Then there is a harder kind of coal 
called ‘anthracite.’ It contains 90-93 per cent. of 
carbon. It burns without a flame and makes practically 
no smoke. It is necessary, however, to heat it strongly 
before it begins to burn and it must һауе a good supply 
of fresh air. It is used in steamships and factories. 

Some coal layers are near the surface of the ground and 
can be easily reached. In other places the layers may lie 
far below the surface of the ground. « It is necessary then 
to dig а mine, It may cost thousands of pounds to make 
a mine, so scientists must first study the ground very care- 
fully to find out if there. is likely to be much coal and where 
the shafts should be made. The sides of a shaft are 
strengthened by bricks, concrete, or iron. Passages are 
made sideways from the bottom of a shaft. The “ roofs " 
of these passages are supported by wooden posts. Plenty 
of fresh air must be supplied to the men who work in the 
mine. A mine always has two shafts. A kind of fan, 
worked by machinely, sucks the bad air up one shaft 
and fresh air passes down the other shaft. It is almost 
as important to get wafer out of a mine as to get fresh 
air into it. Water pumps must work day and night. 

The miners are lowered down a shaft in a kind of cage. 
From the bottom of the shaft the miner has to walk along 
the passages until, at last, at the end ofa dark side-passage, 
he reaches the coal. He may use his hammer and other 
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| Coal min; (Е | 4) с (Photo 2 Fox Photos) 
oat mining (England). Notice the miners’ Jam i the 
wooden posts f; PS on their caps and 


or supporting the top of the passage. f 
tools to break away the coal, or crack thescoa] by explo- 
sives. Іп big mines, such 45 some of those in England, 


coal-cutting machines are used. The coa] IS carried back 
to the bottom of a shaft 1 $ like those on a 


railway. For man І horses were used 


long but now electric machinery is used. 
1 pulled up the shaft in Cages. 


| j By otten, pieces of useless rock 
are mixed with it. The coal is tipped into a kind of tray 
Which has openings in th | 

coal and of rock fall through the o enings and the larger 
pieces are left behind. Any bi HD AER 
be picked out. The small piec 


: es are then “ washed.” A 
stream of water is sent throug 


h the coal. AS Coal is less 
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Coal being carried from the top of a coal mine. 


heavy than the rock, the coal is carried away and the 
stones and rock afe left behind. The pure coal is put 
into railway trucks and taken away to where it is needed. 

About half the world’s supply of coal is in North 
America and about a quarter in Russia. There are also 
large supplies in Britain, many countries of Europe, and 
China. Every year about 1,500 million tons of coal are 
taken from the Earth. For what purposes is this great 
amount of'coal used ? 


3 
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First, we think of coal as a fuel, that is, a material 
for burning. In cool countries, such as England, it is 
burned in fires to keep houses and other buildings warm. 
It is also used in the furnaces in which iron and many 
other metals are made. Then we think of engines which 
obtain their power by the burning of coal. In a steam- 
engine, the burning coal makes the water boil, and the 
Steam pushes the piston  Stvam-engines pull the 
trucks on the railways, drive some of the big ships, and 
work the machines in many of the big factories. Steam- 
engines also work the generators for making electric 
power. It is certain that, wherever you live, some of the 


things you use (such as clothes, books, tools) were made | 


by machines which, in some way or other, depend upon 
coal. 

Coal, then, is important because it supplies us with 
heat and power. 7% is important, howeyer, in another 
Way as well. It is a mixture of very useful substances. 
Let us see what these substances are, and what use is 
made of them. ; 

You could try this experiment with a piece of coal. 
You would need a tin, several inches tall and an inch or 
so wide, with a well-fitting lid. Маке a hole in the lid 
with a пай. Nearly fill the tin with small pieces of coal, 
and put on the lid. Place the tin in the fire so that it is 
heated on all sides. Soona grey smoke comes out of the 
hole in the lid. The smoke probably’ catches alight with 
the heat of the fire; if it does not you can light it with 
а match or a piece of burning paper. The smoke burns 
with a yellow flame. 
the tin out of the fire and leave it to cool. Then look 
inside the tin. You find a grey, easily broken, material. 


i The steam-engine is described more fully іп Machines ‘and 
Engines in this series. У 


А 


After the flame has gone ош, take 


gess D 
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In the science room 
of a school the experi- 
ment can be done in 
a better way (Fig. 3). 

‘The coal is put in 
the wide glass tube A. 

A narrow tube leads 
to a wider tube B: 
which stands in a jar 
of cold water. The 
second narrow tube ———“—— 

C has a small open- Еіс.3. 

ing at its end. When 

the coal in A is heated, the grey smoke passes into B. 
There, part of it cools and turns to a liquid. The rest, a 
clearer gas, comes out through C and, if it is lit, burns 
with a yellow flame, The liquid which is formed in B 
consists of two parts: a black, sticky liquid called “ tar,” 
and a clearer liquid which smells strongly of ammonia.* 
The grey subsiance which is left behind in A is called 
“coke. Notice that, in this experiment, the coal does 
not burn. It cannot get enough air. Instead, we make 
four substances from it. These are (1) a gas which 
burns, (2) tar, (3) a liquid containing ammonia, and (4) 
a grey solid (coke). All of these are very important 
substances. 

A boy called William Murdock found out how to heat 
coal to make a gas. . That was in about 1770. Не used 
the gas to light up а суе іп which he and his friends 
played. Later (1801) he used the gas to light up a factory 
in Birmingham. There are, of course, many different 
kinds of gas (air, for example, is à gas), and the gas made 
from coal should properly be called “ cóal gas,” but when, 

1 The smell of burning feathers is partly due to ammonia. 
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THE STORY OF OIL 


WE can travel over the land in a ‘motor-car, we can cross 
the sea in a ship, we can fly through the air in an aeroplane. 
Unlike the railway engine, which obtains its power from 
coal, the motor-car, the aeroplane, and most big ships 
obtain their power from oil. Motor-cars and aeroplanes 
use petrol. This is a thin, easy-running kind of oil. А 
thicker, heavier kind of oil is burned in the engines of 
big ships. Oil is clearly a very important material. Tt 
has other uses too. As you know, we must put oil on 
the axles and othe: moving parts of all machines so that 
they can turn easily. For example, we “oil” the axles 
of a bicycle. Then, of course, we sometimes depend 
upon oil to give us light. Although electric lamps are 
more often used in the big towns, oil lamps are much 
used in places where there is no electric supply. Lamp 
oil is often called kerosene. 

Petrol, kerosene, and the other kinds of oil we һауе 
mentioned do not come (like palm oil, ground-nut ой, 
and olive oil) from plants, They come from rocks in the 
ground. We call them “ mineral "oils. There are many 
kinds of mineral oils but they are alike in one particular 
way. They are all compounds, of carbon and hydrogen. 
We call them hydrocarbons. Some are clear liquids 
(like petrol), some are thick and sticky, some are solid 
waxes, and a few are gases. In the last chapter we men- 


tioned benzene.” This is a hydrocarbon. Although 
some hydrocarbons аге found in coal-taf, most are 
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obtained from oil in the rocks. Rock-oil, ог “ petro- 
leum,” is a mixture of many kinds of hydrocarbons. 

If we read the history of the early Chinese people, we 
find that they knew that oil could be obtained from the 
ground ij certain places. They sometimes used the oil 
for their lamps. It was not until about a hundred years 
ago, however, that men began to make great use of 
petroleum. They needed better oil for their lamps, and 
of greater importance, oils to make their machines run 
more smoothly. The first “oil well’? was made, in the 
United States, in 1859. By 1886 there were many wells 
and 3,000,000 tons of petroleum were obtained in a year. 


Then the motor-car and the aeroplane were invented. 


Now over 250,000,000 tons of petroleum are needed every 
year. Much of this great amount is produced in America, 
but oil is also produced 


in Russia, the Middle | |--5ие e» ou-rieta — 
East. and other countries. | 6 „все y 
Petroleum, ме have |е em 
read, is found in the A "al lur. т "ЕЛДЕР 
ground. Бір. 5 shows ~i |-е Ss 
Some rock layers fairly ~i | |.— — poss J 
deep down. There is < ee hou Ma Sa 
а layer of sandstone —! aee PA Dm 
below a layer of clay | шише ше а 
and the layers are curved. —i~ | _ _ Aes 
upwards. The petroteum =! ge. s TN ТІН Чы? 
fills the very small spaces .! 4%) Ji ШУУ» TRENN 
between the particles of (ОЛ; MTU Vas aci 
the sandstone. It has aji M oN 


risen towards the top of 


—— ——— 
the curve but is trapped 22 
there because it cannot еее 


soak through the layer Fic. 5. 
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of clay. There is usually some gas (something like 
coal-gas) at the very top of the curve. Scientists are 
not sure how the oil was formed. Probably, like coal, 


it was formed by the rotting of plants and animals a 
very long time ago. : 


TOU 
Drilling for oil in Iran. (Persia). 
We cannot, of course, see the oil which 
down іп the ground. Men must stud 
When they think that the rocks in 
contain oil, a metal tower is built. 


is trapped deep. 
y the rocks carefully. 
a certain place may 


A machine in the 
tower gradually cuts a narrow hole down into the ground. 


As the hole is made, a steel pipe is pushed down to stop 
the sides from falling in and to keep out water. At last, 


if the men have judged correctly, the hole reaches the oil. 


Usually the oil rushes up the pipe with great force, driven Р 


a 
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by the pressure of the gas in the top of the layer, and 
streams high into the air. If this oil should catch alight 
there would be a terrible fire. A kind of lid is fixed to 
the top of the pipe and the oil allowed to flow out gently 
throughstaps. After a “ well” has been used for a long 
time тау be necessary to use a pump to get the oil out. 

Oil, we see, is obtained more easily than coal. Men 
must dig coal from a mine but oil rushes up a pipe. Often 
several wells are made, each reaching the same supply of 
oil in the ground. They form an “ oil-field.” We can 
see from Fig. 5 how the size of an oil-field depends upon 
_ the position of the oil in the ground. If a well is made 
near the middle of the oil-field, as at G, gas will be ob- 
tained. This may blow out of the well with great force ` 
if it is not controlled. In parts of America such gas is 
sent through pipes to distant towns, and used, like coal- 
gas, in houses and factories. 

The oil which comes from a well may be a pale brown, 
easy-flowing liquid, but more usually it is dark brown, 
thick, and sticky. Jt is a mixture of many kinds of hydro- 
carbons. The factories in which the various oils (petrol, 
kerosene, etc.) are got out of this mixture are often many 
miles away from the wells, in fact, they may be in another 
country across the sea. The petroleum is sent to these 
factories, or to ships at a port, through steel pipes. The 
pipes may cross hundreds of miles of land. Pumps at 
various places drive the sticky petroleum along. Look 
at the picture at the front of the book. 

When we boil some water in a pot over the fire it 
changes into a vapour (steam). If we hold a piece of 
cold glass in the yapour, drops of water form onit. The 
vapour changes back into a liquid. Now suppose we 
carefully heat a mixture of petrol and kerosene. (Do 
not try this; it might catch alight and cause damage !) 
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Suppose we make the mixture a little hotter than boiling 
water. The petrol, which boils easily, turns into a vapour 
but the kerosene, which does not boil so easily, remains 
as а liquid. We can collect the petrol vapour and cool 
itin another container so that it turns back into a Паша. 
In this, way we һауе separated the two oils. There is 
another, similar way of separating two oils. We can 
heat the mixture so that both oils turn into vapours and 


then slowly cool the vapours. The kerosene vapour 


turns into a liquid first and can be collected ; the petrol 
does not turn into a liquid until it has been cooled much 
more. 

Petroleum is a mixture of many oils but they can be 
Separated in the ways we have described. The second 
way 15 now more common. The petroleum is made very 
hot and passed into the bottom of a tall tower (Fig. 6). 


ә 


There аге shelves іп the tower 
as shown. As the vapours | 
rise up the tower they slowly PM 


cool. Тһе thick, heavy oils cu 

turn back into liquid near үң 

the bottom. Other oils turn aah 

back into liquids higher up. De )) 
The different kinds of oil ЕСЕП [АЫ 


collect оп the shelves. There (Ше 
are taps at the side. The 
petrol vapour, which is not 
cooled enough to turn into a 
liquid, comes.out through a 
pipe at the top of the tower. 
Tt is passed through further 
pipes in which it cools and 
changes into a liquid. The bal 
heavy oil at the bottom of "Sie. 


Petroleum | 


40 TREASURES FROM THE EARTH а 


the tower is sometimes heated by steam to make sure 
that lighter oils do not collect there. 

Now let us see how much of the different kinds of oil 
we get. From 100 gallons of petroleum we get, roughly, 


30 galls. of petrol (used in motor-cars, aeróplanes) 

10 galls. of kerosene (lamp oil) 5 

15 galls. of gas oil (used аз а fuel in engines) 

45 galls. of heavy oil (which is further separated 
into other oils and waxes). 


The petrol, which must be carefully purified, is used in 
the engines of motor-cars and aeroplanes. It is a con- 
venient fuel for this purpose because it easily turns into ' 
а vapour. Inside the engine it burns very quickly (it 
almost explodes) and provides the power for turning 
the wheels. Petrol is a dangerous fuel to use for other 
purposes because it-easily catches alight. Kerosene does 
not turn info a vapour so easily and is not suitable for 
motor-car engines. It is used mainly for oil-lamps and 
for certain kinds of cooking ovens. Gas oil is used in 
Diesel engines. These are similar to motor-car engines 
but specially made for use with this kind of fuel. Diesel 
engines are rather big and heavy and cannot be used for. 
driving ordinary motor-cars. They are used in some of 
the big ships and in factories. In some countries they. 
are used for driving railway engines, 

The heavy oil is still a mixture of Various compounds. 
These are separated by further heating and cooling. 
Some of the oils which are obteined are used instead of. 
coal for heating Steam-engines, Very big ships are often 
driven by oil-heated engines. It is easier to supply a ship 
with oil, by sending it along pipes, than to carry coal on 
to the ship. It is €asier, too, to store the oil on the ship. 
We also get, from the heavy oil, all the various kinds of 
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oil for putting on wheels, machine axles, etc. Some of 
these oils are fairly thin, like the oil you.use on your 
bicycle; some are very thick and sticky. Then we vet 
solid waxes. Candles are usually made of wax got from 
petroleum. At last we get a thick, black material, some- 
thing like tar, which is used for making roads and other 
purposes. 

Although so many ‘useful materials are got from the 
heavy oils, it is the lighter oils which we need most. A 
very large amount of petrol is needed for all the motor- 
cars and aeroplanes. Now the heavy oils are rather, 
complicated compounds of hydrogen and carbon, but the 
lighter oils are simpler. Ways have now been found of 
" breaking” or changing the heavier compounds into 
lighter compounds like petrol. (The scientist talks of 
“cracking ” the hydrocarbons.) At first this was done 
by strongly heating the oil under pressure. Now it is 
done by adding small amounts of other substances and 
heating, less strongly, with hydrogen. Sometimes all the 
petroleum is changed irto petrol in this way. 

In the last few years men һауе found out how to make 
many other useful materials out of petroleum. Тһе 
hydrocarbons are “ cracked ” in such a way that many of 
the substances once got from coal-tar can be made. So 
petroleum is now almost as important a “ treasure ” from 
the Earth as coal. 


CHAPTER V 
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METALS AND THEIR ORES 6 


WE all know the kinds of substances which we call' metals. 
Iron and steel are metals. They are used for making 
tools, bicycles, railway lines, engines, and many other 
well-known things. Gold is a bright yellow metal; it 
is used for making rings and ornaments. Small bullets 
'for guns are made of lead, wires for carrying electricity 
are made of copper, metal containers are made of iron 
and tin. Aluminium isa very light metal. Tt is used for 
making some kinds of cooking pots and in parts of aero- 
planes. Coins are made of silver, copper, and other 
metals. We use metals in hundreds of ways. Just try 
to think of all the metal things you have used or seen 
since you woke up this morning. Your list would be a 
уегу long one. A 

Now in what ways are metals different from other 
substances such as stone, glass, chalk, and wood ? First, 
most probably, we think of the way in which metals 
shine. Some metals are white or grey (like silver and 
steel), gold is yellow, and Copper is brown, but all metals, 
unless they are dirty or rusty, have bright, shiny surfaces. 
Many other substances do not shine, and those which do 
(such as glass) do not shine in quite the same way. 
: Most metals are fairly heavy. Suppose the water in a 
jar weighs a pound. A piece of stone of the same size 
as the water would weigh 2-3 Ibs. 
iron would weigh about 8 Ibs. and a similar piece of lead 
over 11 165. (In Fig. 7, which shows this very simply, 
we have left out the Weight of the jar.) Gold is heavier 
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A similar piece of 


METALS AND THEIR ORES 43 


still. Of the well-known metals, only aluminium is as 
light as ordinary kinds of stone. 


А Lead UG lbs. 
- 
/ron 
8165. 
Stone 
зз. 
ә 
P 
Water ^ 
1%. 
= 
Fic. 7. 


Next, of course, we know that most metals are hard 
and strong. You can easily cut substances like paper 
and wood, but you cannot cut a piece of steel. You can 
bend a piece of leather but you can only bend a piece of 
metal if it is very thin. А piece of clay is soft. You can 
change its shape by pressing with your fingers. You 
cannot change the shape of a steel bicycle by pressing it ! 
Metal bars can support heavy weights without breaking. 
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You сап hang а big weight on the end of a piece of wire 
and the wire does not break. 

Although most metals are hard and strong, they can 
be hammered, pulled, and pressed into various shapes if 
Very strong forces are used. You cannot shape a piece 
of glass or stone in this way; glass and stone would 
break. By means of strong machines metals бап be 
pressed into flat sheets, pulled out to make long thin 
wires, and shaped in various ways. Very often the metal 
is first made hot because then it is Softer. If'you heat 
а piece of iron in the fire (such as the iron of a spade) 
it becomes “red hot” and then you can shape it by 
hiting with а hammer. Things which are made by 
hammering and pressing metal into shape are usually very 
Strong. 

A substances, like wax, melt easily, but most metals 
must be heated very strongly before they melt. Fig. 8 
Shows the melting-points of some of the well-known 
metals. Melted metals run as easily as water. Those 
which are very hot (like melted irpn or steel) shine with 
а bright orange or white light. When a melted metal 
cools it turns back to a solid again. You know how you 
can make cement blocks by pouring cement into boxes 
and leaving it to become hard. The cement forms a 
block which is the same shape as the box. In the same 
way a melted metal can be poured into a “ box” made 
of a substance (such as firm sand) which does not burn. 
The metal forms a solid which has the shape of the 
"box." We call the box a “ mould” and we call the 
process “casting.” A metal thing which has a compli- 
cated shape is usually made by casting but it is not so 
strong as things made by hammering and pressing. 

If two metals aré melted, the two liquids can be mixed 
together (like mixing water and milk). When the mixture 
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Degrees Fahrenheit} Degrees Centigrade 
Y 
273271500--Pure iron melts | 


1400 


1300 


1200---Cast iron melts 


athe} 


Copper melts 
Gold melts 


1000---Wrought iron softens 


-Aluminium melts 


500 9. 


---Lead melts 


---Tin melts 
-200..-5о/дег melts 


Water boils 


2121 100- 


о Ice melts 


Fic. 8. 


а 


cools it makes a solid which is а mixture of two metals. 
Thus a perfect mixture of copper and zinc can be made in 
this way. We call this mixture “ brass ^ ; it is the shiny 
yellow metal which is used for making trays and orna- 
ments, We call a mixture of two metals an “alloy.” 
We can also have an alloy which consists of one or more 
metals with a small amount of a substance which is not 
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a metal. Steel is а good example. It consists of iron 
with a small amount of carbon (and often small amounts 
of, other metals) By making alloys we get more kinds 
of metals. We can choose the best kind for each thing 
we wish to make. We need hard steel for ships but softer 
steel for motor-cars. We use Copper for electric wires 
but think that brass is nicer for ornaments. We use 


aluminium alloys for aeroplanes «because they are light 
and strong. 


Metals are different from other 


Ways. Leave an iron bar with one end in a fire for a 
few minutes. The ot 


a hard kind of carbon. 


From where do we get metals? We get them from 
rocks in the Earth. A few metals are found “ free,” that 
is, they may be mixed with other Tocks but they are not 
Joined with other substances into Compounds. Gold is 
found free; so are small amounts of copper. Most 


contains iron although you cannot see the iron. 


some of the rocks contain metals, and men have learned 
how to get the metals from them. à 
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АО р Aluminium s 


Fia. 9. 


A rock from which а metal is obtained is called ап 
"ore." We speak of iron ore, copper ore, and so on. 
Noi all rocks which contain metals are ores. Clay, 
for example, consists of aluminium compounds but 
as we cannot easily get the metal out of the clay we 
do not call it an aluminium ore. Many rocks contain 
small amounts of iron compounds, but a rock is only 
useful as an iron ore if it contains a lot of iron. Further, 
ores are only useful if a lot can be dug up in one place 
and if that place is one which men can easily reach. 
Useful ores of at least some metals are found in most 
countries, but some countries have more ores than others. 
Fig. 9 is a map which shows where the most important 
Supplies of various ores come from. Big Supplies of tin 
ore, for example, come from Nigeria (West Africa) 
and Malaya (East Asia); much gold comes from South 
Africa. 

The compound in most ores consists of the metal 
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joined with oxygen or with 
sulphur. A compound of 
а metal with oxygen is 
called, as we know, an 
oxide. Tin ore, for ex- 
ample, consists’ of tin 
Oxide. A compouiid of a 
mefal with sulphur is 


Edges of ord crack — ; i | 
) chief ore of zinc consists 
Fic. 10. of zinc sulphide. The 

oxide or sulphide is usually 
» Such as clay or sand, so the 
ins a lot of useless waste 


аге igneous (fire-formed) 
rocks have filled cracks 


picture on p. 49 shows a 
Manganese ore, (Тһе metal 
ore is deep 


called a “ sulphide”: the Ч 


© crystalline. They аге. 


Mining тап 
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ganese ore near the surface of the ground 
at Nsuta (Gold Coast). 
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¢ 
in the ground a mine, something like a coal mine, must 
be made. Often the “shafts” are not made to go 
straight down; the direction depends upon the positions 
of the ores. Some mines are very deep; some of the 


gold mines in South Africa, for example, are over 8,000 
feet deep—about 14 miles ! 


tock from the true ore but the two are still mixed together. 
" in a stream of water. 


The crushed rock is stirred up with a special kind of soapy 
water, The metal ore, rather Strangely, sticks to the 
Soap bubbles and the bubbles carry it to the top. The 
ore can be scraped off from the top of the water and 
dried, 

At last we come to the Process of getting the metal 
from the ore. Many ores, we have read, are oxides or 
sulphides. The problem is to Separate the metal from 
the oxygen or sulphur to which it is joined. In the case 
of many metals, this can be done by mixing the ore with 
carbon (such as coal or coke) and certain other sub- 


process “smelting:” The smelting of tin and iron ores 


is fairly simple, but if the ores are sulphides £e. copper, A 
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zinc) the process 15 more complicated. Some metals, 
however, cannot be made by smelting. Aluminium, for 
example, cannot be made in this way ; it is’ made by the 


use of electricity (p. 92). 
*Now let us take each of the well-known metals in turn 


and study how they are made and for what purposes they 
are used. 


© 


CHAPTER VI 


THE ROYAL METAL—GOLD 


Gorp is a very beautiful metal. We all know its bright 

yellow-orange colour. For hundreds, perhaps thousands, 

of years it has been used for making ornaments. Every 

woman likes to own a little ornament or a ring made of 

gold. But, as you know, gold is a very rare metal. A 

small piece is worth a lot of money. Kings’ crowns are 

made of gold. As gold so often makes us think of Kings ^ 
and Chiefs we һауе called it the “ royal ” metal. 

There is one country in West Africa whose name 
reminds us that gold is found there. That country, of 
course, is The Gold Coast. People believe that gold was 
found in the Gold Coast over a thousand years ago. 
Certainly 400 years ago white men from’ England and 
other countries in Europe went to the coasts of West 
Africa to get gold. They broüght goods from their 
lands and sold them for gold. Although quite a lot of 
gold is still found in West Africa, much of the world’s 
supply now comes from other countries. Almost half 
the world’s supply comes from South Africa, and gold 
is also found in Canada, Russia, the United States, and 
Australia (see the map on p. 47). « 

Gold is one of the few metals which is found “ free.” 
It is not joined with other elements in a compound. It 
is mixed, however, with much’ other rock. There are 
some gold mines in which the miners cannot even see 
the gold in the rock. As there is so little gold in very 
much rock, the problem of separating the gold from the 
rock is a difficult one. 
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and mud at the bottom 
You have read how 
ich they flow and carry 
If there is gold in 


Gold was first found in the sand 
of certain streams and rivers. 
streams wear the rocks over wh 
soil, sand, and small stones away. 
the rock, the water carries away Very small particles with 
the soil and sand. When the stream flows more slowly, 
регһарѕ° many miles away, the gold is dropped to the 
bottom with the sand and mud. As gold is a heavy sub- 
stance, the gold particles sink first, and then sand and 


mud are dropped on top of them. 


(Photo : Keystone Press Agency) 


Washing for gold (United States of America). 


dis still obtained from the bottom 
The man (or woman) goes to a 
s gold might be found and fills a 
of the sand from the bottom. He 


A small amount of gol 
of streams and rivers. 
stream where he think 
pan or disk: with some 
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carefully washes the sand, picking out the bigger stones, 
and pouring away the dirty water. He washes again and 
again, using clean water each time, until he has only 
fine, clean sand in the bottom of his pan. Then, if he 
has been lucky, he sees small particles of gold in the sand, 
shining in the sun. He carefully dries the sand. When 


it is dry he can blow it away so that the heavier particles 
of gold are left behind. In this уу; 


The water breaks the 
daway. It flows down 
S strips of wood nailed 


gravel and carries the sand and gol 
a long wooden channel Which ha 


strips. At times the 
gold collected. 
Most gold is no 
in the streams was 
following the paths 


W obtained froth mines. The gold dust 
once part of the rocks in the hills. By 
of the streams (in which gold has been 
found) back to the hills, men have found the valuable 
rocks which contain the gold. Most of these rocks are 


very old, and, often, Уегу deep in the ground. Mines 
must be made to reach the rocks, © 


The rock usually consists of 


: bits of quartz (a kind of 
hard, crystalline sand) 


y Stuck together by other material. 
The particles of gold, Sometimes too smal! to be seen, are 
in this material. The miner makes a hole in the rock 
with a special tool driven by air under pressure (see the 
picture), He puts some gunpowder (or other explosive 
substance) in the hole. Then, from a safe distance, he 


Y THE ROYAL METAL—GOLD 55 


| Working in the Robinson Deep Gold Mine (South Africa). 


— —sets fire to the gunpowder. The explosion cracks the 
rock and breaks off big pieces. The pieces of rock are 
taken to the bottom of the ~ shaft апа, like coal, pulled 
up to the top. . 

ta Now begins the process of getting the valuable gold out 

7 of the rock. There are two ways of doing this; we will 

read about one of these Ways: First the rock is broken = 

-and crushed by. stróng machines 50 that it becomes à 

powder. The powder is put in à large container. A very. 

© weak solution of a substance called sodium cyanide is 
poured over it. The gold dissolves in the liquid and 
| leaves the rock behind. We have now got the gold out. 


E of the rock but it has gone into the liquid. Next the 

liquid, containing the gold, is made to flow over small 
- pieces of zinc. Some of the zinc takes the place of the : 
ye % ^ i 


Р ^ 
М a 
Р] > 
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gold in the liquid so that the gold is set free. The gold 
and the unused zinc form a dirty-looking material. The 
zinc is then burned away, or dissolved by an acid, and at 
last the gold is obtained. From several fons of rock we 
may get a few ounces of gold. Тһе gold is melted айа 
made into solid blocks or bars. 

What sort of a metal is gold? We have mentioned its 
beautiful colour which air and water cannot spoil; we 
know that it can be shaped into ornaments. (We will 
Say more about shaping gold later.) A striking fact about 
gold is its weight. We have already said that it is heavy. 
Turn back to Fig. 7, р. 43. Iron is 8 times as heavy as 


the same volume of water, lead is 114 times as heavy, “ 


but gold is nearly 20 times as heavy! You know what 
а cubic foot is. Suppose you had a container 1 ft. long, 


1 ft. wide, and 1 ft. tall. Tt could hold a cubic foot of 


water. Тһе water, would weigh 623 lbs. You could 
carry such a container of water. But a block of gold 
1 ft. long, 1 ft. wide, and 1 ft. tall would Weigh 20 times 
as much, that is, 20 x 621 Ibs. This, as you can quickly 
work out, is over half a ton. You certainly could not 
carry away such a block, without help, however much 
you might wish to ! 

Pure gold is a soft metal. It can be shaped easily. 
Ап ounce of gold can be made into a wire 50 miles long. 
Such wire can be wrapped round silk threads and the 
threads made into gold lace. Gold can be beaten into 


very thin sheets. We know th 
Egypt beat gold into sheets, It is strange that, although 


4 o 


E 


at the Royal Mint. 


Ugloading blocks of gold 


laid one on the top of 


are so thin that 200,000 of them, 
an inch high! If you 


another, would make a pile only 
hold a thin sheet in front of a lamp, weak green light 
comes through it. We use thin sheets of gold to cover 
things so that they look as if they are made of gold. 
Temples are sometimes made to look as if they are built 
of gold by covering the Stone and wood with gold sheets. 

Rings, ornaments, and coins are not made of pure gold. 
They would bend and become scratched too easily. Gold 
for such things is mixed with other metals to make it 
harder, that is, We make a gold alloy. Gold is often 
mixed with copper or silver, ог, sometimes, nickel. Copper 
makes the gold rather darker in colour, and silver makes 
it.lighter in colour, SO if it is important that the alloy 
Shall have the colour of pure gold both copper and silver, 


А 
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in the right amounts, are used. We use the word “ carat 7 
when we wish to describe how much gold there is in an 
alloy. 24 cárat gold is pure. 22 carat gold contains 22 
parts of gold mixed with 2 parts of other metals: 18 
carat gold contains 18 parts of gold mixed with 6 parts 
of other metals, and so on. Rings and ornaments are 
often made of 18 carat gold. Alloys which contain less 
gold (for example 14 carat, or 9 carat) are used for things 
of less value. Pen nibs are often made of such an alloy. 

Gold is not a very useful metal. It is used chiefly as a 
Store of money. Gold coins are not used now in many 


countries but all countries like to keep stores of gold in 
their banks, Then, 


most of the gold о 
Countries. They ke 
and they keep the b 


^ 


many purposes, and 


‘of tin. Tin ore was fo 
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You all know the metat containers which we call “ tins.” 
Some of the food which we buy (such as milk, biscuits, 
meat, fish) has been preserved in tins. We keep petrol 
and lamp-oil in tins. АП over the world tins are used for 
often, when they are empty, used 


again for other purposes: Old kerosene (lamp-oil) tins 


are useful in many ways ! { 
Although we call these containers ~ tins,” they are not 


made of the pure metal called “tin.” Pure tin is not 
a strong meta 
from thin sheets of steel with a very thin layer of tin on 
the surface. The steel gives the strength which is needed ; 
the tin protects the steel and stops it from rusting. 
If you throw away а tin container, it rusts after a time. 
The water gets through cracks in the layer of tin and 
the steel begins to rust. The rust pushes the tin layer 
away, more water can get in, and the steel rusts more. 
The making of “ tin-plate * (steel plate with a tin layer) 
is an important industry. Later we will read how it is 


done. 


The making of metal containers was not the first use 


und in the south-west of England 

hundreds of years ago and traders from other countries 

came to England to get it. Strangely, in this part of 

England both tin ore and copper ore were found. Long 

ago men discovered that, by using the two ores together, 

they could make а very useful alloy. We call this alloy 
59 


1 and is costly. The containers are made ; 
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"bronze." It is harder than either tin or Copper separ- 
ately and was therefore useful for making tools, spears, 
and other weapons. Until men found out how to make 
iron from iron ore, bronze was the most important metal 
they had. 5 ё 

Only a little tin ore is dug up in England now. Most 
of the world's supply of tin comes from countries and 
islands of East Asia (especially Malaya), from Nigeria, 
Bolivia, and Belgian Congo. Tin ore is one of the most 
important of the minerals found in Nigeria. 

Tin ore really comes from old fire-formed rocks. As 
with gold, rain and streams have carried some of the ore 
away and dropped it, with soil and sand, in other places.” 
So although a little tin ore is dug out of mines in hills, 
most is obtained from sand which has been dropped by 
Streams and rivers. Sometimes the sand (with the оге) 
is at the bottom ofa river, but more often the sand, once 
dropped by a river, has been covered with lighter soil. 
In this last case, the soil is first dug away and then the 
heavy sand and ore dug out or washed out with water. 
The tin ore can be separated from the sand by 


- e washing 
(as we described for gold) but harder rocks, containing 
tin ore must first be crushed by machines. Sometimes 


the tin ore must after 
away impurities. 

Now what exactly is tin оге? It is a compound of 
tin and oxygen; it is tin oxide, We have the problem, 

i » of getting the metal out of 
ing a metal out of its” 
(Coal, we 
.) Carbon joins yery 
Strongly with oxygen. It does this, for example, when 
coal burns ina fire. If we heat a metal oxide with carbon, 
the carbon may join with the oxygen and so take it away. 


wards be heated Strongly to burn 


=. =. 
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f The Malayan Information Agency) 


(By courtesy oj 
Washing for tin. 


This happens if we heat tin 
rite the process so : 


oxides of carbon 1 


Then the metal is set free. 
oxide with carbon. We сап W; 


tin oxide + carbon —> tin + 


As the oxides of сагбол are gases, they escape and leave 


the tin. 
* The tin ore is mixed with a hard kind of coal. Тһе 


mixture is heated in а furnace. А furnace is a big 
fire enclosed in a brick or metal container. We shall 


1 Carbon can join with oxygen in two Ways to make two kinds 
ains twice as much oxygen as the other. 


of oxides. Опе oxide conta 
We do not need to distinguish the two kinds of oxides here. 
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Fie. 11. 


describe several kinds of furnaces in this book. Fig. 11 ' 


shows a furnace which is suitable for the making of tin. 
The fire is at one end. The mixture is put in through the 
opening A. The flames and hot gases pass over the 
mixture of coal and ore; the mixture is heated chiefly 
by the heat which is thrown down by the sloping roof of 
the furnace. The waste gases (oxides of carbon) and 
smoke go out through the chimney. This kind of furnace 
15 used when it is Necessary not to let the coal (or other 
material) of the fire mix with the things which are being 
heated. The tin, which is set free, melts and sinks to the 
bottom of the furnace, From time to time a tap (not 
shown in Fig. 11) is opened so that the melted tin runs 
ош. The tin cools and forms solid blocks. 

Tin isa silvery-white metal, which: unlike some metals, 
Keeps bright and shiny in the air. It melts more easily 
than other well-known metals (see Fig. 8, p. 45) and is 
not vety hard. About half the tin which is produced in 
the world is used in the making of “ tin-plate.” 

Much tin-plate is made in South Wales. The steel 
Which is brought io the factory consists of bars about 

2—1 inch thick. The bars аге made red-hot soʻas to soften 
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(Photo : Fox Photos) 


` КР; 
аге coming out from the machine in which the 


ate. The sheets ; О! 
D layer of tin is put on. ” 


° 
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them and then pressed by machines so that, at last, they 
become steel sheets about Too inch thick. The large sheets 
are cut into smaller sheets of Convenient size and cleaned 
with an acid. Then they are dipped into a container of 
melted tin. The tin forms a very thin layer or film on the 
surface of the steel. The layer may be only one ten- 


make the layer smooth and even,’and then polished with 
sheep-skin. Some tin-plate is now made by electricity 


of steel and 16,000 tons of tin are made into tin-plate every 
year in Great Britain. The tin-plate is used for making 
all kinds of “ tins * and containers. 

Tin is also used in the making of several important 
alloys. We have already mentioned {һе alloy bronze 
Which is made from tin and copper. Church bells are 
usually made of bronze, and so also are “ Copper " coins, 
(They contain tin as well as copper.) Other alloys which 
contain tin are used for making spoons and forks, Then 
there are the “ bearing” alloys. Think of the wheels and 
axles of a railway engine. The ends of the axles fit 
into metal parts. The axles must be able to turn easily 
and yet support the weight of the engine. A metal part 
in which an axle turns and yet supports a weight 
is called a “ bearing.” You can speak of the bearings 
of the wheels of a bicycle. Many of the best kinds of 
metals for bearings are tin alloys. The bearings of 


= 
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the melting temperature is about 182°C. “ Solder,” which 
is used for joining metals, is an alloy of tinand lead. Рег- 
haps you have seen a man mending a hok in a metal 
container. Не carefully cleans the metal near the hóle. 
He heats the end of a copper bar (on a wooden handle) 
in a бге Then he takes a stick of silvery-white solder, 
holds it near the hole, and touches it with the end of the 
hot bar. The solder easily melts. He spreads the melted 
metal in and near the hole, using the hot bar, and then 
leaves the metal to cool. It becomes hard and solid, 
and closes the hole. There are different kinds of solder 
according to the amounts of tin and lead which they 
contain ; each kind has its special use. Solder is a very 
useful material. It is used for joining wires in electric 
machines and radio sets, for mending holes and cracks in 
lead pipes, for joining the lead sheets which are used for 
roofs, for joining parts of motor-cars and aeroplanes. 
When a piece of tin-plate is bent 10 make a container, 
the edges arè joined together by solder; when the food 
has been put inside, the lid is closed with solder. 

Tin is a strange métal We never see things which 
are made of pure tin and yet many well-known things 
could not be made without it. It is an important metal 
for it is used in so many ways. 


CHAPTER VIII 
THE MAKING OF IRON 2 


TRON is the most important metal in the world. ° Мапу 
useful things are made of iron or. of iron alloys. Steel, 
of course, is an iron alloy. Let us amuse ourselves by 
imagining what would happen if, in some magic way, 
everything made of iron and: steel disappeared. Of our 
bicycles only the tyres and a few bits of leather would be 
left. Motor-cars would also mostly disappear. There 
would be no railway lines, engines, and trains; roads 
would become useless in places where steel bridges had 
gone; thousands of people would drown when steel 


ө 


ships disappeared from under them. In the house, doors. 


tables and chairs, without nails, screws, and hinges, 


would become useless pieces of wood. Iron cooking pots - 


would disappear, and great amounts of. food, water, and. 
oil, once in “ tins," would be lost. ‘Tools would disappear ; 
we should not even have knives for cutting our 
food. Тһе great factories, without machines, would stop 
Working. You can add more examples to this list. 
Without iron and steel our way of living would be very. 


different. In this book the stories of the metals take | 


about 67 pages. If we gave each metal the number of 
pages according to its importance, we should have to 
give about 61 pages to iron and steel and describe all 
the other metals in the 6 pages which are left. 

lron is a very common element in the rocks (p. 8). 
Next to aluminium it is the most common metal. The 
yellow, brown, or гей colour of many rocks is caused by 
small amounts of iron compounds. (Iron rust, you know, 
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is red-brown іп colour.) But iron ores are rocks which 
consist chiefly of iron compounds. Much iron ore is 
found in the ‘United States of America, Russia, France. 
Sweden, and England. 

Most iron ores consist of various kinds of iron oxide 
mixed with other rock. Some ores are * rich ” and con- 
tain about 65 per cent. of iron, but poor ores may Contain 
only 30 per cent. of iron. Again we have the problem of 
getting a metal from its oxide. We heat the oxide with 
carbon (such as charcoal or Coke) Тһе carbon joins 
with the oxygen, forming oxides of carbon, and sets 
the iron free. We can show the process so : 


oxide of iron + carbon —> iron -+ oxides of carbon. 
(ore) (coke) (metal) (gases) 

This is the important process on which iron smelting 
depends. е 

The process has been known for а very long time. 
Hundreds of years ago men heated iron ore in a charcoal 
fire. After the fire had died down, a piece of iron was 
left in the ashes. The iron could be beaten into shapes 
and made into useful tools. At some time it was noticed 
that a strong wind made the fire burn faster and hotter, 
so that the iron was made more quickly. This discovery 
was put to good use. Men built furnaces, several feet 
high, of baked clay, and put the charcoal and iron ore 
inside. Then, after the fire had been lit, they blew a 
strong stream of air through the fire. The ruins of old 
iron furnaces can be seen in parts of South England and 
West Africa, and iron is still made in some districts in 
this way. 

The picture on p. 67 shows a big iron smelting factory 
in England. Although its buildings and machines seem 
very complicated, the whole working depends upon the 
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simple ideas which we have described. The great furnace 
is towards the right of the picture. In other buildings coke 
is made from coal, the coke is mixed with the iron ore, 
the air which will be pumped through the fires is dried 
anti heated, and so on. Let us study the details of each * 
part of the factory in turn. з 

Four important materials are used іп an iron smelting 
factory. These are iron ore, coal, limestone, and air. 
We have not yet described the purpose of the limestone 
(we will do so later) but we already know the purposes of 
the other three. The factory must be built in a place 
where these materials, particularly the ore and coal, are 
easily obtained. Sometimes the factories are near both 
coal mines and iron mines, sometimes they are built in 
places where there are coal mines near the coast. Then 
the iron ore can be brought in ships and the coal taken 
from the mines. The coal is usually.changed into coke 
(p. 27) because coke burns better in the furnaces. Some- 
times, but not always, the iron ore is heated in ovens to 
dry it and to burn away certain impurities. Then the 
coke, ore, and limestone are mixed together in the right 
amounts. About 2 tons of an average kind of ore, 1 ton 
of coke, and 4 ton of limestone are used in the making of 
1 ton of iron. (And while it is being made 4 tons of air 
are blown through the furnace !) The mixture is carried 
to the top of a furnace on a loading “ track " ; you сап 
see it in the picture. ` М 

Now we соте to the furnace itself. We call а strong 
‘stream of air a “ blast ” and so we call a furnace through 
which a strong stream of air is blown a “ blast furnace." 
Fig. 12 is a drawing of a blast furnace. A furnace is. 
about 100 feet high and 20—28 feet across at its widest 
part. The sides, which are 3-5 feet thick, are made of 
fire-bricks (р: 12) with steel plates on the outside. Nearly 
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a million fire-bricks are used in building a blast furnace. 
There are two “doors” at the top. These are marked 
Х апа Y. They open by moving downwards. Near the 
bottom there is a wide pipe and from it a number of 
* smaller pipes lead into the furnace. The blast, of airis 
sent through these pipes. At the bottom of the furnace, 
below the pipes, there are two holes P and Q^ These 
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are usually closed by blocks of baked clay but they can 
be opened when necessary. ) 


The furnace is used night and day. After the fire has 


Ore,coke limestone 
in 


Slag out: 


Jron out- 


Hot gases 
zT ош 


Hot dry 
air in 
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been lit, it is kept burn- 
ing by adding more 
coke, ore, and lime-- 
Stone, and may not go 
out for two or three 
years! After that time 
the furnace must be 
cleaned and the fire- 
bricks mended. The 


coke, iron ore, and lime- 


stone, carried up on 
the track, go in at the 
top. First door Х 
Opens and the mixture 
goes through. Then 
this door is shut and 
dóor Y opened so that 
the mixture goes into 
the furnace, By using: 
two doors in this way. 
the hot gases inside the 
furnace cannot escape. 
The air blast makes 
the coke burn strongly. — ' 
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As the mixture gradually sinks towards the bottom of 

the furnace, it becomes hotter and hotter. The iron is set 

free from the ore, but the temperature near the bottom 

of the furnace is so high that the iron melts. The melted 
| irén runs to the bottom of the furnace, à 

Iron ore, as dug from the ground, consists of iron 

oxide niixed with other, useless rock. You may have 

noticed that so far we have said nothing about getting 

rid of this useless rock. Usually it is not separated from 

the iron oxide; the ore is put into the furnace with coke 

and limestone. Now we can learn the purpose of the 

limestone. In the furnace it joins with the useless rock and 

| ' ‘makes a stone-like substance which melts. We call this 

| substance “slag.” The melted slag also runs to the 


(Photo : Sport and General Press Agency) 


At the bottom: of a blast furnace. The melted iron is running out into 
ў channels lined with sand. 
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bottom of the furnace, but, as it is lighter than iron, it 
floats on the top of the melted iron, just as oil floats on 
water. E H 

Four or five times a day the holes P and Q (see Fig. 12) 
are opened. The melted iron runs out of the lower 
hole Q. You would like to see the iron which runs 
out from the furnace. It is white-hot. It looks like 
a bright, shining fire which can run as easily as water. 
If there is a steel works nearby, the iron is taken 
there while it is still a liquid. If the iron is not to be 
made immediately into steel, it runs away in a channel 
made in a layer of sand. This channel divides into 
smaller channels and leads to “moulds” (p. 44). The- 
melted iron fills the moulds and, when it cools, forms 
Solid bars. Later the bars are broken into pieces of 
convenient sizes. 

The melted slag.runs out of the upper hole P. When 
it cools it forms a stone-like material Some of it is 
used for making roads and special kinds of bricks but 
much of it must be thrown away as useless. 

We have not yet described all the buildings in an iron 
smelting factory. The picture shows a big pipe leading 
down from the top of the furnace and, on the left, some 
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round buildings marked “hot blast stoves,” and a 
chimney. Іп early kinds of blast furnaces, cold air 
was blown in at the bottom. We remember that,» in 
the making of iron from its oxide, oxides of carbon are 
made. One of these oxides burns well. In the early 
furnaces the gases, containing this oxide, were allowed o 
burn at the top. Now men havea betteridea. They use 
the gases from the top of the furnace to heat the air which 
is blown in at the bottom. Fig. 13 is a simple drawing of 
the arrangement. The gases pass through a pipe at the 
top of the furnace. After the dust has been taken out, 
they burn in special stoves and make the bricks inside 
"them red-hot. The air is pumped through a stove which 
has been made hot and so becomes hot before it goes 
into the blast furnace. The hot air does not cool the fire 
when it goes in. So the gases from the furnace are put 
to a good use. о 

Let us nowsgo back to the iron which has been made іп 
the blast furnace. We have described how the melted 
iron runs into moulds and, when it cools, forms "solid 
bars. This iron is not very pure. Inside the very hot 
furnace the iron was a liquid. Now, just as salt and 
sugar dissolve in water, so, too, substances dissolve in 
the liquid iron. The chief of these substances are carbon 
(from the coke) and silicon (from the silica in the waste 
rock). So the iron bars contain small amounts of various 
substances. А bar which weighs 100 Ibs. may consist of 
92-96 Ibs. of iron, 3-4 lbs. of carbon, 4 Ib. of silicon, and 
"small amounts of other substances. These impurities 
affect the iron in an important way. If the iron is hit 
with a hammer, or dropped heavily on the ground, it 
breaks. We say that the iron is “ brittle.” (Glass is а 
good example of another brittle substance.) If we heat 
the iron it melts rather more easily than pure iron (see 
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Fig. 8, p. 45) but it does not become soft before it melts. 
We cannot, therefore, make the iron into useful shapes by 
pressing and hammering. We can only shape it by melting 
it and pouring it into moulds, that is, by “ casting.” So 
we call this impure kind of iron “ cast-iron.” 

Suppose we wish to cast an object in the shape of the 
letter I (Fig. 14a). First we must make a mould of the 
tight shape. A model of the I is made with wood, The 


model is buried in a box of sand (made firm with a little 


clay) and the sand packed round it. Then the model is 
carefully lifted out; it leaves a hole of the right shape- 
Melted iron could be poured into this hole and, after 1t 


became solid, it would form an iron I. But the top | 


surface of the T, as it lies in the box, woulá not be very. 


Getting ready (о cast the 
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(Photos by courtesy of J- Stone & Co. Ltd.) 
propellers in the moulds. Notice the largi 
buckets of melted metal. large 
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flat. So, more usually, another box of sand is put on 
the top (Fig. 14b). For a simple object like our letter I 
the sand in this box would be flat. The “hole” (shaped 
like the I) is now right in the middle of the sand. A little 
hole X must be made through the sand so that the metal 
can be poured in and another hole Y so that the shape 
can be properly filled. For small things, the ‘metal is 
poured in from a kind of spoon (Fig. 14c). After the 
metal has cooled and become solid, the two boxes are 
separated and the sand taken away. Inside is a solid 
metal I (Fig. 14d). It has two thin bars joined to it. 
These were formed by the metal which filled the holes 
X and Y. They can be cut off and the metal made 
smooth. 

"Many useful things are made by casting iron : cooking 
pots, water pipes, parts of ovens, posts for electric lights 
in a street, parts of engines, and so оп. Such things are 
not made at the iron-smelting factory bnt in another 
factory. In this factory the iron must be melted again 
so that it can be poured into the sand moulds. You 
would be most interested to visit such a factory and see 
men pouring white-hot iron from a big “ spoon ” or from 
a bucket into a small sand mould in a box or into a big 
mould built on the floor. There is a picture of the 
inside of one of these factories on р. 75. 

We must remember that cast-iron is brittle. A hard 
knock may crack it or even break it. We cannot make 
very strong things with cast-iron. When men made iron 
in a little clay furnace with a charcoal fire, the iron was 
fairly pure. The fire was not hot enough to melt the 
iron so that impurities did not dissolve in it. This iron 
could be made soft by heating and then be shaped by 
hammering. Such iron can be made from cast-iron by 
getting rid of the impurities. Because things can be 
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Fox Photos) 


- (Photo © 
А dar of white-hot steel being shaped in a factory. 


made from this iron by “ working ” (hammering, pressing, 
etc.) we call it “ wrought” iron. (4 Wrought” is an 
old-fashioned word which means “ worked " ; we seldom 
use the word now unless we are talking about iron.) А 
hundred years ago, or even less, much wrought-iron was 
made from cast-iron by getting out the impurities. It 
was used for making chains, ships, bridges—in fact, any 
metal thing which must be strong. Now, little wrought- 
iron is made. Why? Because men can make another 
metal, which is just as strong and useful, more easily. 


That metal is steel. 


CHAPTER ІХ 
AS STRONG AS STEEL 


We have already described how important iron is'to us. 
Most of the iron which we use is in the form of steel. 
We sometimes call a railway engine an “iron horse"; 
a better name would be a “steel horse.” Many ships 
and bridges are made of steel, so are all our tools (such as 
knives, spades, and saws). Motor-cars are made of steel. 
We use steel whenever we want a hard, strong metal. 

What is steel? Steel is an alloy of iron and carbon. 
Let us see how it compares with cast-iron and wrought- 
iron. Cast-iron contains 23-4 per cent. of carbon and 
other impurities. Wrought-iron contains no carbon and 
only small amounts of impurities. Steel contains up to 
1j per cent. of carbon and no impurities. So steel has 
more carbon than wrought-iron and less carbon than cast- 
iron. А 

The amount of carbon in the steel makes a big difference 
to the hardness and strength. Steel which contains about 
0:3 per cent. of carbon (that is, 3 parts іп 1,000) is harder 
and stronger than wrought-iron. We call it * mild steel.” 
Tt is used for making nails, “ tins,” ships, and bridges. 
Steel which contains about 0-7 per cent. of carbon is . 
hard and very strong. It is used for making things which 
must be able to withstand knocks and shakes. Such 
things are railway-engine wheels and cutting tools (chisels) 
which we hit with a hammer. With more carbon, up to 
13 per cent. for example, the steel becomes even harder 
but not quite so Strong. It is used for making cutting 
tools such as knives. It can be given a sharp edge. Very 
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hard steel is used for | | 
making files and і 
similar, tools Ғог exT 
Scraping wood or carbon) | i 


metal. _ We see that 


the kind of steel is д ident 
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Englishman called 
Bessemer had the к, % Some of the uses 
idea of improving “есі carbon о the steel 
cast-iron by burning Fic. 15. 


away the carbon and | 4 t 
other impurities. He did this by blowing air through 


melted cast-iron. He found he could not stop the burning 
at just the right time to leave a little carbon, as needed for 
steel, but the difficulty was soon solved. The answer 
was to burn away all the carbon and then add the amount 
of carbon which is needed. When, by about 1860, mild 
steel was being made by the Bessemer process, most of 
the furnaces for making wrought-iron became useless. 


The new steel was cheaper and stronger. 
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Let us imagine that we are in a factory where steel is 
being made by the Bessemer process. We see a big 
vessel in shape rather like a bottle with a wide, short neck 


Air blast 


(a) Fic. 16. (5) 


(Fig. 16). It is called a Bessemer * converter " because 
in it iron is converted, or changed, into steel. It is about 
10 ft. across and 20 ft. tall. Тһе outside is made of strong 
steel plates ; inside there is a layer of material which can 
withstand уегу great heat. (The layer can be made of 
silica bricks but, for some purposes, other materials are 
sometimes used.) The vessel, when holding 30 tons of 
metal, weighs about 200 tons. At the bottom of the 
vessel there is a “ wind-box ” from which many pipes 
lead through to the inside. The vessel is supported on a 
level axle. In Fig. 16a the vessel is upright ; in Fig. 16b, 
which shows the view from the side, the vessel has been 


turned down. The axle on one side is hollow and a pipe 
joins this axle to the wind-box А 


in it, and, after the ashes have been taken out, melted 
cast-iron (often Straight from the blast furn 
Then a strong stream of air is sent through the hollow 
axle and so through the melted iron. Slowly the vessel 
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is turned to an upright position. First, yellow sparks 
come out of the top, and then brown smoke and small 
red-yellow flames. These last for about 5 minutes. Some 
of the impurities are burning away. Meanwhile the metal 
in the vessel becomes hotter and hotter. Then, fairly 
suddenly, there is a great white flame 30 ft. high. The air 
is making the carbon burn. As the oxides of carbon are 
gases, they make bubbles in the melted iron so that it 
seems to be boiling. If you could see this great flame 
coming from a Bessemer converter you would never 
forget it. After 10-20 minutes the flame dies down. 
The stream of air is turned off and the vessel turned to 
‘the “ down " position. 

The vessel now contains almost pure, melted iron, but 
there is a small amount of iron oxide in it (formed by the 


© буш 
(By courtesy of Stewarts & Lloyds, Ltd.) 


2 A Bessemer converter. 
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burning of the iron). An iron alloy which contains 
carbon and manganese (see p. 107) is added. The man- 
ganese takes the oxygen from the iron oxide, the carbon 


joins with the iron to make Steel. The melted steel is 
‘then run out into moulds. Steel which is made in ¢his 


The Bessemer process is not used much in England 
now because English ores contain an impurity which is 
left in the steel. There is another way of making steel. 
It is called the * open hearth process." A hearth is а 
Stone or brick place in which a fire 18 made 
hearth process the melted metal lies as a shallow pool on: 
the bottom of a wide furnace or hearth. 
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the cast-iron, and then the impurities join with the sand 
or limestone to make slag. Sometimes just the right 
amount of carbon can be left. If all the carbon is burned 
away, more must be added. 

The furnace must be big enough to hold perhaps 100 tons 
of metal. The great difficulty is to make such a furnace 
very hot. The metal must be made white-hot (15007— 
1700? C). Fig. 17 shows the kind of furnace which is 
used. The heat is made by the burning of a gas (similar 
to coal gas), but the gas is made hot before the actual 
burning takes place. Below the hearth on which the metal 
is melted there are four places, like small rooms, A, B, C, 
and D. Each * room" contains bricks with plenty of 
Spaces between them. Тһе gas goes in, at first, through B 
(the pipe which brings it actually comes to G) and air 
through A. The gas mixes with the air when it reaches the 
hearth and burns there. The waste gases,then pass through 
C and D before they escape up the chimney. (You can 
see in the drawing the way the gases go.) These waste 
gases are hot, and they make the bricks in C and D hot. 
After a time, the direction of the flow is changed. The 
gas is made to go through C into the furnace, the air 
through D, and the waste gases to come out through A. 
and B. Now you can see that the gas and air, by passing 
between the hot bricks in C and D, are heated before they 
reach the hearth. At the same time the waste gases are 
heating A and B. Later, the direction of flow is changed 
back again, and so on. In this way a very hot furnace 
5 made, " 

Тһе open hearth process is slower than the Bessemer 
process, and more costly, for fuel is used in making the 
gas. But better steel is made this way. | 

Buckets, bridges, knives, spades, ana pins may all be 
made of steel but, of course, they have different shapes. 
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We have learned that metals can be shaped by casting 
(pouring melted metal into a mould) or can be wrought 
(shaped by hammering, Pressing, etc). Some steel 
things are made by casting. These are things of awkward 
shapes like the middles of Tailway-engine wheels,” the 
hooks which join one part of a train to another, and the 
back axles of motor-cars. Most steel things,” however, 
are made by hammering and pressing. 

The picture on P. 77 shows a piece of hot steel being 
hammered into shape. The * hammer ” is a great steel 
block weighing several toris. It is lifted by steam power. 
It falls, or is pushed down by steam, and hits the hot 
steel. Gradually the steel is hit into the shape which 18 
needed. Shaping by hammering is not a good way of 
making big things. The hammer shapes the outside of 
the steel but has little effect on the middle of the steel, Tt 
is better to use a “ press.” The press is a machine which 
does not hit the steel like a hammer but slowly and 
strongly presses it into shape.1 

There is another way of shaping metal. Think of 


round bars, flat strips, bars for building bridges, and so 
on. These are made by “rolling.” Look at Fig. 18a. 
A and B are two strong, steel rollers, There is a small 
Space between them. A Steam-engine drives them round 
in the directions shown by the arrows. C isa hot steel 
bar. It is thicker than the Space between the rollers. 


the right, and press it so that it becomes thinner. The 
bar can next be passed between two rollers which are 
closer and so be made thinner still. In this way a thick 


1 You can read more about Presses in Machines and Engines in 
this series. 
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Fic. 18. 


bar can gradually be rolled into a thin sheet. Fig. 18b 
shows two rollers A and B which are not flat. The bar 
is not only made thinner, it is pressed into a certain shape. 
By using rollers of the right shapes, round bars, I-shaped 
bars, and so on, can be made. 

Railway lines are made in such a way. А hot, shining 
block of steel, weighing about a ton, passes several times 
between rollers which make it longer and thinner. A 
second set of rollers makes it longer and thinner still. А 
third set of rollers gives it its proper shape. The block of 
steel is changed into a rail 50 yards long. ТЕ is then cut 
into pieces of suitable lengths and left to cool. 

Steel, we have learned, consists of iron with a small 
amount of carbon. For many purposes small amounts 
of other metals are added, so making steel-alloys. The 
metals which are added! are rather uncommon ones; 
they are not often used by themselves for making things, 
and some, probably, you have not heard of before. 

One of the first steel-alloys which was made contained 
a small amount of nickel. (This metal, which is used in 
looks something like 


some countries for making coins, 
hstand knocking and shaking. It is 


Silver.) It can wit = 3 
used for axles and other parts of machines which move 
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about. Some steel-alloys contain 
her metal called chromium. (This 
is a bright, shiny metal; metal things are sometimes 
covered with a thin layer of chromium to make them look 
nice (page 108). Nickel-chromium steel alloys are very 
hard. They are used, for example, for making the 
Sides of'battleships. One kind of nickel-chromium steel 
is called “stainless steel.” It does not rust easily nor 
become stained (discoloured) by other materials. Knives 
are often made of stainless steel. Food does not stain 
them. Another very useful steel-alloy contains 5—13 per 
cent. of manganese. It is a tough, hard alloy which does 
‘not wear away. It is used for making rock-breaking 
tools and the * points » where railway lines cross ОГ 


quickly and shake 
both nickel and anot 


"ру courtesy of Australian News and formation Bureau) 
cat steel bridge, 1,650 ft. long, carries 


Syd idge. This gr 
pul HERE BEE iens a wide road and two footways. 
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branch. Although many trains pass оуег the points the 
lines last for many years. Another hard, tough alloy 
Contains tungsten. (The wires in electric Jamps аге 
made of tungsten. Тһе alloy is used for makin g cutting 
tools. М ТНЕУ 


S CHAPTER X 


E ALUMINIUM 


IN what way is an aeroplane like a cooking pot? You 
may well wonder if indeed they are alike in any way. 
Well, let us see. 

Cooking pots have been made of various kinds of 
substances. Some are made of baked clay, some are 
made of copper or iron. But, *particularly in some 
countries such as England, cooking pots are often made 
sof another metal. I have a good, strong pot which holds 
about } gallon of water. It is a shiny, grey-white colour. 
I pick it up. It is very light in weight. It weighs less 
than a pound. А similar pot made of iron would weigh 
three pounds. This light, grey-white metal is called 
aluminium. Now aeroplanes must be strong but they 
must also be'light in weight. Wood is not strong enough, 
steel is too heavy. Aluminium is both strong and light. 
Aluminium (and its alloys) is Very suitable for the making 
ofaeroplanes. The answer to our question is now clear. 
Both are often made of aluminium. 

Aluminium is a very common element in the rocks. 
The table on p. 8 shows that only two elements (oxygen 
and silicon) are more common. It forms part of many 
igneous rocks (such? as felspar and mica), certain jewels 
(such as red rubies and green emeralds), and, particularly, 
the various kinds of clay. А field of clayey soil contains 
tons of aluminium. Yet seventy years ago very few 
people had even seen the metal. It is not hard to under- 
stand why this was so. The aluminium compounds in 
clay and similar rocks are very complicated and there 


i$ no successful way of getting the aluminium from them. 
89 
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We now obtain aluminium from an ore called “bauxite.” 
(The ore was first found in Les Baux, in France, and 
it was named after this Place.) It consists chiefly of 
aluminium oxide mixed with silica, water, and often a 
little iron oxide. Tt is sometimes dirty white or grey in 
colour, but the iron oxide may make it yellow or brown. 
Bauxite is now found in several countries of Eufope and 
in certain parts of North and South America. It has 
also been found in the Gold Coast but as yet little use 
has been made of this supply. 

We have already learned the usual way of getting a 
metal from its oxide. We heat the oxide with carbon. 
The carbon joins with the oxygen and sets the metal free. 
But if we heat aluminium oxide with carbon we do not 
get the metal. The oxygen is joined so strongly to the 
aluminium that the carbon cannot take it away. A 
Science teacher in, America once told his class that if 
anyone could invent a way of. producing a good supply of 
aluminium he would not only become rich but also greatly 
help mankind. That was in 1885. A few months later, 
one of the young men in the class found out how to do it. 
His name was Charles Hall. Within a few years alu- 
minium became a common metal and now more than a 
quarter of a million tons of aluminium are made every 
year in the way that Hall had found out. 

To understand Hall’s method of making aluminium 
from its ore, we must turn aside to read about one of the 
powers of electricity. Fig. 19 shows the apparatus which 
we can use to study the flow of electricity through a Паша.” 
The electricity is Supplied from a battery such as a car 
battery or a bicycle lamp battery. The jar contains the 
liquid. A and Care two hard carbon rods (like those in the 
middle of torch batteries) or two metal strips. The rods 
are joined to the two “ terminals ” (ends) of the battery 
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Fic. 19. 


by pieces of Wire. The current flows from the “ positive ” 
terminal (often marked with a -+ sign or painted red) and 
comes back to the “ negative” terminal (often marked 
with a — sign or painted blue). The rod which is 
joined to the positive terminal is called the “ anode.” 
It is marked A in the drawing. The rod which is joined 
to the negative terminal, marked C in the drawing, is 
called the *"cathode." Notice that the rods do not 
touch, A current can only flow if it can pass through 
the liquid between the rods. қ 

Some liquids (such as oil) do not Jet an electric current 
pass through them. There are two kinds of liquids 
through which a current can pass. These are (1) solu- 
tions made by dissolving certain substances in water, (2) 
certain melted substances. The best known substances 
whose solutions let ati electric current pass аге those called 
“salts.” These are substances like ordinary (common) 
ssalt, soda, copper sulphate (sometimes called Blue Vitriol), 
and Epsom Salts (magnesium sulphate). Now this is 
the important fact. When an electric current flows 
through such a solution, a chemical change takes place. 
The compound (salt, soda, etc.) is changed into simpler 
cómpounds.or sometimes even into its elements. Usually 
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the metal part of the compound is set free at the cathode. 
Thus, when a current flows through copper sulphate solu- 
tion, copper»is set free at the cathode. It forms s; thin 
layer of metal on the rod. You сап try this for yourself 
with some copper sulphate solution.! Here, then, is a 
new way of getting a metal from a compound. { 

‘Aluminium is obtained from its oxide by an clectrical 
method, but (һе process is rather more complicated than 
that which we have just described. Aluminium oxide 
Will not dissolve in water and it cannot easily be melted. 
The young man Hall Tound how to overcome these diffi- 
culties. There is another ore of aluminium called 
"eryolite." Tt is found in Greenland. Hall found that% 
aluminium oxide will dissolve in melted cryolite and that 
ап electric current can flow through the liquid. Alu- 
minium is set free at the cathode and oxygen at the anode. 
Both bauxite and cryolite, then, must be taken to the 
factory where aluminium is made. The factory must 
also have a good supply of electric power. Electricity 
can be made most cheaply by using the water in a waterfall 
to drive an engine and so drive an electric generator 
(machine for making electricity). Aluminium factories, 
therefore, are usually built in hilly countries where 
waterfalls can provide the power. 

Іп ап aluminium factory, the impurities (silica, iron 
oxide) are first taken ош of the bauxite so that pure 
aluminium oxide is obtained. The mixture of oxide and 
cryolite is put in a large container, Fig. 20 shows one 
of these containers. Compare it with the jar shown in“ 

1 The best known salts, such as ordinary salt and soda, contain 
a metal which cannot be set free in this way. А gas is set free 
at the cathode instead of the metal. If you try the experiment 


3 сап see the bubbles of gas 
chemical change takes place. 
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Fig. 19. Each container is about 14 ft. long, 8 ft. wide, 
and 3 ft. deep. Itis made of steel sheets. The inside 
(bottora and sides) is covered with a thick layer of hard 


X 


Aluminium 
Carbon 


carbon. This’ carbon layer is joined to the negative 
terminal of the electric supply. It forms the cathode; 
it takes the place of the rod C in Fig. 19. Тһе anode 
consists of several thick carbon bars joined together. 
They are joined to the positive terminal of the supply. 
Very strong electric currents are used. 

Starting with an empty container, a man lowers the 
anode bars so that they touch the carbon layer at the 
bottom and then lifts fhem up again. А hot flame jumps 
between the bars and the bottom. Не throws in some 
eryolite. It quickly melts. Then he gradually adds the 
aluminium oxide. Тһе heat caused by the electric 
current keeps the mixture melted. The aluminium 18 
set free at the cathode, that is, at the sides and bottom 
of the container. It is melted by the heat. As it is 
heavier than'the melted mixture, it collects at the bottom. 


o 
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When the tap T is opened it runs out. It is cast into 
bars. The oxygen from the oxide is set free at the anode. 
Gradually the anode bars burn away so that, ағ times, 
they must be lowered, and, at last, new ones used. The 


cryolite is not used up. Fresh aluminium oxide is added 
from time to time. EN 


^ Aluminium, when fresh and pure, isa silvery-white metal. 
It does not rust, and chemicals and impurities in the air do 
not attack it. In Piccadilly Circus (London) there is an 
aluminium figure of Eros. It has been there for fifty years, 
but theimpureairand smoke from factories havenot harmed 
it. Aluminium protects itself by forming a very thin layer 
of aluminium oxide on its surface. This layer makes the 
metal dull but prevents air or other substances from 
attacking it further. We have already learned that it is 
a very light metal. A piece of aluminium Weighs only 
about a third as much as a piece of iron or steel of the 
same size. Aluminium is a good “conductor? of heat 
and electricity, that is, it lets heat and electricity pass 
through it easily. These three qualities—resistance to 
air and other substances, light weight, power to conduct 
heat and electricity—make aluminium a very useful metal. 

Aluminium is a very good metal for making cooking 
pots. The pot does not rust (and spoil the food), it is 
light in weight (so it is easy for people to lift it and carry 
it), and it lets heat pass through it well from the fire. 
In making a pot, the aluminium 4s first rolled into flat 
sheets and then round pieces are cut from it. Then cach 
piece is placed in a machine which quickly bends up the 
edges to make the Proper shape. A handle is fastened 
on and the pot is made. Some food containers are made 
of aluminium. Very thin aluminium sheets (as thin as 
paper) have many uses. Aluminium sheet has been used, 
for example, for wrapping up chocolates aüd cigarettes. 
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\ (Photo : Fox Photos) 
The aluminium figure of Eros in Piccadilly, London. 


It has been used for making a lady’s dress. With red 
ornaments the dress was very pretty. 

Aluminium is also used for making wires to carry 
electricity, particularly the thick wires which, in England 
for example, are supported by steel towers and carry 
electricity from one tówn to another. These wires must 
be strong, light in weight, and able to carry electricity 
well. Pure aluminium wire would not be strong enough. 
Wire is made which consists of aluminium on the outside 
but with steel along its middle. In England over 13,000 
miles of such wire are used. 

As aluminium is not Very strong, small amounts of 
otlier metals? such as copper, zinc, or iron, are often added. 


° 
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These aluminium alloys do not conduct heat and electricity 
so well, but they are light in weight and much stronger. 
The alloys, like most other metals, can be cast (by pouring 
the melted metal into a mould) or wrought (shaped by 
rolling, pressing, and so on). Wrought things are always 
stronger than cast things. 7 

= It is impossible to give а list of all the uses of aluminium 
alloys. Houses have been built of aluminium instead 
of stone or brick, and almost everything inside made 
of aluminium—tables, chairs, ovens, window-frames, 


cooking pots, ornarhents, and so on. Small boats, for ' 


use on the sea, have been made of aluminium. But the 
most important uses of aluminium alloys are in motore 
cars and aeroplanes. Many parts of their engines are 


made of aluminium. Think; for example, of the. 


* pistons." (These are pushed up and down in the 
* cylinders " by the quickly burning petrol and so work 
the engine) When a car engine is running, the pistons 
move up and down 5,000 times in a minute. They must 
be made of a strong metal and yet one which is light. 
(It is easier to make a light thing move up and down 
quickly than a heavy thing.) Ап aluminium alloy has 
both these qualities. 

One of the best known aluminium alloys is made by 
adding a little copper (4 per cent.) and smaller amounts 
(% per cent.) of manganese and magnesium.! It is called 
“ duralumin." There are also several similar alloys. 
These alloys аге as strong as mild steel but not half so 
heavy. А fairly thin bar 30 ft. long can easily be lifted 
with one hand but if it rests on a support at each end two 
men can safely sit on it in the middle. The alloys are 
used for making the frames of aeroplanes. The picture 
on p. 97 shows the making of duralumin aeroplane frames. 

1 For manganese see p. 107, for magnesium sée p. 121. 9 


ALUMINIUM 97 


ut 


(By courtesy of the Bristol Aeroplane Co. Ltd.) 


Building the aluminium framework ofan aeroplane. 
ө 


Before we leave this most useful metal, aluminium, we 
must describe another, rather strange, use. We remember 
that aluminium joins very strongly with oxygen, in fact, 
for many years men did not know how to separate alu- 

minium from its ores. Suppose we make a mixture of 
aluminium powder (very small bits of aluminium) and 
iron oxide, put it in a fire-clay pot, and set light to it. 
The mixture burns Yery violently and becomes very hot. 
Melted iron sinks to the bottom of the pot and, later 
ewhen it cools, turns into a solid there. The chemical 


action can be shown shortly like this : 
aluminium -+ iron oxide —> aluminium oxide + iron, 
xygen from the iron (so 


he iron free. Compare 
E 


that is, the aluminium takes the о: 
forming aluminium oxide) and sets ї 
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this with the action of carbon and iron oxide (р. 68). 
Aluminium сап be used instead of carbon for getting a 
metal from its ore. It is too costly always to be used in 
this way but is useful for certain metals (see: fur example, 
manganese on p. 107). 4 ‘ 
A mixture of aluminium powder and iron oxide gives 
a useful way of making very hot, liquid iron. It is used 
for joining together iron bars which cannot be moved, 
Such as parts of a machine or rails in the ground. Fig. 21 
shows how two iron bars can be joined together. A 
mould, made of fire-clay and sand, is built round the 
ends of the bars. A pot of aluminium and iron oxide 
is placed over the top. Notice the hole in the bottom, 
of the pot. At first the hole is closed. The mixture 
is set alight and liquid iron, far hotter than its melting 
point, is formed. The workman pulls a lever which 
opens the hole in the bottom of the pot. The liquid 
iron runs into the 
mould. It-fills the space 
Aluminio between the bars and 
endironoxide melts their ends, 
Afterwards, when’ the 
iron has cooled, the two 
bars have been joined 
into one. The mould 


Iron box is then taken away. 
Fireclay There we must leave 
and send. 


WY 
a 


We owe much to. 
Charles Hall. He did 

è become a very rich 

N Parts tobe man, but he gave away 

d a lot of money to help 

Fic. 21. other people. f 


the story of aluminium. — 


[ 
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* CHAPTER XI 
° А SOME OTHER USEFUL METALS 


You will have noticed that each metal has its own par- 
ticular qualities which make it very suitable for particular 
purposes. Thus steel is strong, aluminium is light, and 
so оп. Men have discovered many metals and gradually 
* found out the special uses of each. We cannot describe 
all the different metals in this little book, but we must 
have a quick look at a few more of the common ones. 


CoPPER—-For electric wires 


Get a piece of wire which is used for carrying an 
electric current. It may be a piece which is used for 
carrying electricity to an electric lamp, or from inside a 
motor-car. The wire probably has a rubber or cotton 
covering on it. Scrape this off. Inside you find a bright, 

‘red-brown metal. This metal, of course, is copper. 

Many coins are also made of copper (or of a copper 
alloy), but the special use of this metal is for making 
electric wires. 

Copper was one of the first metals used by man. In 
some countries, big pieces of almost pure copper are 
found, and men would easily find them because of their 

. shiny, red-brown colour. _ They found that they could 
fairly easily beat the metal into useful shapes and so make 
pots, ornaments and weapons. Then some copper ores 
are brightly coloured, often green or blue, and men must 
have noticed them too. They found that they could get 
the metal (in a rather impure form) from some of these 
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ores by making a fire with pieces of ore and charcoal. 
We have already described how bronze (the copper-tin 
alloy) was probably made, first by accident, by usiig a 
mixture of copper and tin ores. 2 

Free copper, that is, copper metal and not copper 
compounds, is found in many places, but particularly 
near Lake Superior in North America. Pieces Weighing 
several hundred tons have been found. One piece was 
so big that 20 men took 15 months to break it into smaller 
pieces and carry it away. Most copper, however, is 
made from ores. Copper ores are found particularly 
in the United States, Chile (South America), Canada, 
Northern Rhodesia, and the Belgian Congo. There are“ 
many kinds of copper ores. Some consist chiefly of 
copper oxide and some of copper sulphide. 

The smelting of copper ores is complicated, especially if 
copper sulphide ores are used. In one method the ore is 
smelted with coke and sand in a blast furnace. The very 
impure copper which is so made is then melted in a Besse- 
mer converter (Fig. 16) and air blown through it. The 
metal, which is now fairly pure, is poured into moulds, 

New copper has a beautiful bright red-brown colour 
but it becomes dull in the air. (You know that copper 
coins, so bright when they are new, become dull and dark 
when they are old.) With zine it forms a very well- 
known alloy. This is “brass.” It has a beautiful 
yellow colour. We use it for making trays and many 
kinds of ornaments. Brass is as Strong as copper but 
not so tough. It melts more easily and is very suitable 
for casting. Brass parts in machines, however, are more 
often “wrought.” Pure Copper can be shaped fairly 
easily. It can be rolled into sheets less than soo inch 
thick, pulled into thin wires, and pressed and beaten into 
complicated shapes without cracking. 
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Copper sulphate 
solution 


Fic. 22. о 


Copper is a very good conductor of heat and electricity. 
"Ошу one metal, silver, is a better conductor. Silver 
would be too costly for making electric wires and 


* machines, and copper is therefore the best metal for the 


purpose. 
The copper which is made for other uses is not pure 


enough for glectrical purposes. It must be made very 
pure. The impure metal is cast into bars 2-3 inches thick. 
They are hung in a container of warm copper sulphate solu- 
tion. Thin sheets of pure copper are hung between the bars 
(Fig. 22). АП the bars are joined to the positive terminal 
of an electric supply. They are therefore anodes. The 
pure sheets are joined to the negative terminal and so 
form cathodes. When the current flows, copper from the 
solution is set free at the cathodes (compare aluminium), 
Gradually a thick layer of pure copper is formed. At 
the same time the anodes are eaten away. The copper 
sin them dissolves in the liquid but the impurities fall to 
the bottom. So really copper is taken from the anodes, { 
separated from the impurities, and put on the cathodes. 
Very pure copper is made in this way. About 3 million 
tons of copper are used every year for making various 
electric wires and machines. 


= 
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Tron and steel аге very useful metals but they have 
one big disadvantage. They rust in damp air. An iron 
roof of a hut soon rusts and even if we use “ tin-plate ” 
(as in ordinary “ tins ”) the tin does not Protect the iron 
for long. In my garden there is a hut made of ** galvan- 
ised iron." The sheets of metal are curved into small 
"hills and valleys? so that they áre stiff and fit well 
together, but, of great importance, the iron does not rust. 
The iron is protected by a very thin layer of another metal. 
That metal is zinc. Buckets and other containers are 
often made of galvanised iron. A 

We also meet zinc in another way. If you take ап 
ordinary “ dry " electric battery, like that used for a torch 
or a bicycle lamp, and take off the paper ccvering, you 


ZINC—The protecting metal 


з 


' way similar to that used for 


, 
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find that the outer container of the battery itself is made 
of a grey-white metal. This, again, is zinc. 

Тхе most common ores of zinc consist of zinc sulphide. 
They are found in many countries but particularly in the 
United States, Australia, Canada, Germany, and Mexico 
The ores are heated in the air and so changed into zinc 
oxide. °There is one unusual difficulty in getting zinc 
from its oxide. Zinc boils fairly easily. As you can see 
from Fig. 8, the boiling point of zinc is lower than the 
melting point of cast-iron. The zinc actually turns into 
vapour (just as water turns into steam). So if zinc oxide 
and carbon are heated in a furnace, the zinc which is set 
free turns into vapour. Unless special arrangements are 
made to collect the vapour, it will escape with the smoke. 

Most kinds of furnaces for smelting zinc use the idea 
shown in Fig. 23. Тһе furnace consists of a row of fire- 
clay vessels R. Тһе mixture of zinc oxide and coal is 
put in these vessels and heated by burning gases. An 
iron container C is joined to each vessel R. These con- 
tainers are outside the furnace and therefore cooler: The 
zinc vapour passes into these cooler containers and turns 
back into liquid zinc. The 
liquid zinc is run out and cast | аир и 
into solid blocks. The zinc 
obtained in this way is not 
pure but is good enough for 
ordinary purposes. It can be 
purified, if necessary, in a 


copper. 
Zinc is a very useful metal. 


Sometimes roofs of huts and 
railway stations are made of 
sheets of- zinc. Pure zinc Fic. 23. 


Burning 
gas 
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roofs do not rust and they last for many years. Strips 
of zinc are used on slate roofs at corners and other places 
where water might get through. But the most impe=tant 
uses of zinc are for making brass arid for “ galvanising " 
iron. 2 > 

Tron sheets аге galvanised by dipping them into melted 
zinc. The zine forms a thin layer all over tke iron. 
Unlike tin-plate, the iron does not easily rust if the 
layer of protecting metal cracks (but does so if, after a 
long time, the zinc wears away). In many parts of the 
world, where slates and tiles are expensive or difficult to 
obtain, galvanised iron sheets are used for roofs of all 
kinds of buildings. The roofs do not look very nice, but - 
they are light in weight, easy to fix, and last for many years. 

Most iron things which are to be used outside where 
they may get wet are galvanised. The farmer uses 
galvanised wire and galvanised netting to put round his 
fields. On a boat we find that hooks, bolts, rings, and 
similar fittings are galvanised. The big wire “ropes” 
used for tying a ship in port and the anchors (dropped 
to the sea-bottom to keep a ship still) are galvanised. 
Zinc is used to protect iron buckets, certain steel parts of 
aeroplane bodies, springs, nuts and bolts, and hundreds 
of other useful things. 


LeaD—The metal with many hidden uses. 


When a diver goes down into the sea, to mend the bot- 
tom of a big ship, he puts on a special rubber suit. The: 
suit covers his head, and air is pumped to him through 
pipes. The bottoms of his boots are made of lead. 
They weigh about 16 Ibs. each! Then two lead plates 
are fixed to him, óne on his back and one on his chest. 


These weigh about 40 165. each. These weights keep 
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him on the sea-bottom and hold him steady. Without 
them he would float to the top like a cork. , 

Kiehviness, then, is an important quality of this metal. 
When people wish to say that something is very heavy 
they sometimes say it is “ as heavy as lead.” Although 
lead is the heaviest of the common metals, several metals 
are heavier. Turn back to Fig. 7, p. 43. We see that 
lead is about 114 times as heavy as the same volume of 
water. Iron is about 8 times as heavy. But gold (which 
we do not often see in big pieces }) is nearly 20 times as 
heavy as water. А 

The chief lead ore is lead sulphide. It is found in 

"many countries but especially in the United States, - 
Australia, and Mexico. Not much is dug up in England 
now but about 2,000 years ago the Romans obtained most 
of their lead from England. Lead ore often contains 
some silver and much of the world's silver is obtained in 
the purifying of lead. The lead is obtained from its ores in 
various ways. Іп one way the ore is heated in a furnace 
(like that shown in Fig. 11) through which a stréam of 
airisblown. Lime is then added. It forms a slag with 
the rock waste. The melted lead is run out into pots. 

A new-cut surface of lead shines like steel but air soon 
makes it dull. It does not rust, however, and is not 
eaten by acids. Although it is so heavy, it is very weak 
and soft. You сап bend a sheet of lead with your fingers. 
The ease with which it can be shaped, and its resistance 
to rusting, make lead useful in many ways. 

Water pipes are often made of lead. The Romans 
made lead pipes 2,000 years ago. Lead pipes do not 
rust and spoil the water and they last for many years. 
The Roman (Latin) name for lead, was “ plumbum." 
We call a man who is skilled in fixing and mending lead 
pipes a ~ plumber." Lead sheets have been used for 
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making roofs, but they are rather heavy and are only 
suitable for strong buildings. Many old churches in 
England have lead roofs. Lead is also used fer making 
containers for acids and for covering electric wires. — 

Another important use of lead is for making bulléts 
anc “shot” for guns. Have you wondered how the 
little balls of shot are made ? They are not made in 
moulds; that would be too slow and costly. The lead 
(often mixed with a little of the metal antimony) is melted 
at the top of a tower about 150 feet high and put into a 
container which has small holes in the bottom. Тһе 
melted lead runs through the holes and falls to the ground. | 
As it falls, it breaks up into little drops like ** lead rain." 
Each drop becomes round as it falls. Тһе drops fall into 
à container of cold water at the bottom of the tower and 
immediately form solid round balls. 

About a million tons of lead are used up every year, 
but we do not often realise how usefül it ir. We have 
described the lead-tin alloy called solder. Another 
useful ‘alloy is made from lead and antimony. Тһе alloy 
is used for casting the letters with which a book is printed. 
A big amount of lead is used in electric batteries like those 
in motor-cars. Much is used in making paint. The lead 
is changed into a compound called “ white lead." Paint 
which contains white lead, as well as the colouring material, 
forms a good thick coating and wears well. There are 
many more uses which we have not room to describe.! 
Lead is the metal with many uses in hidden ways. 


MANGANESE—For making steel 
There are some metals which ordinary people never see 
and yet alloys which contain them are common. One of 


1 But lead is not used in pencils. The “lead T'of a pencil 
consists of carbon and clay. У 


» 
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these metals is manganese. Nothing is made of pure 
manganese but most kinds of steel contain it. So man- 
ganése is an important metal. e 

Manganese ores consist chiefly of manganese oxides. 
Much of the ore is found in Russia but useful amounts are 
found in India and West Africa. At Nsuta, in the Gold 
Coast, there is a large amount of ore in the hills. The 
ore is near the surface so mines need not be made (see 
the picture on p. 49). The rock, which is dug out from 
the hill-side, is carried away in railway trucks to places , 
where it is “ washed.” There great streams of water are 
used to wash away the useless rock from the ore. The 

° оге is then taken to Takoradi, the port, put on a ship, 
and taken to Europe. 

Тһе metal can be obtained from the ore by heating it 
with carbon but a very hot furnace must be used. Alu- 
minium is generally used instead of carbon. The ore is 
first heatedsand then mixed with aluminium powder. 
The mixture is put in a fire-clay pot and set alight. It 
burns violently and the manganese 1s set free. “Much 
manganese is used in the form of an iron-manganese 
alloy. This is made by heating the ore with iron oxide 


and carbon in a blast furnace. i 
We read on p. 82 how the iron-manganese alloy is used 


in the Bessemer process of making steel. ^ The manganese 
helps to take away certain impurities (chiefly oxygen and 
sulphur compounds), but, although this is its main 
purpose, a little manganese 1n the steel makes it stronger, 
‘All ordinaryekinds of steel contain about 3 per cent. of 
manganese. A very hard steel alloy 18 made by adding 
about 13 per cent. of manganese (p. 87). It is used for 
making rock-cutting tools and the “ points ” on railway 


lines. ü 
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CHROMIUM—Also for steel and for electro-plating 


Тһе front ОҒ my motor-car is bright апа,5Біпу &fid it 
never becomes rusty, stained, or spoiled by the weather. 
In my house there are many metal things—stich as goat- 
pegs, trays, ornaments, and even my pocket watch—with 
this bright, shiny surface. They have been “ chfomium- 
plated.” They are made of iron, or other cheap metal, 
but on the surface there is a “ plating " (very thin layer) 
of the metal chromium. Although this is the best known . 
use of the metal, it is not the most important. Large 
amounts of chromium ore are used in making a special 
kind of brick for furnaces and even larger amounts are 
used in making various kinds of chromium-steel, 

Chromium ore consists chiefly of chromium oxide 
and iron oxide. Most of it is found in Russia, Turkey, 
Southern Rhodesia-and South Africa. It is interesting to 
notice that none of the big steel-making countries, except 
Russia, has its own supplies of chromium. They have to 
depend upon supplies from other countries. Chromium, 
like manganese, is obtained by heating a mixture of its 
oxide and aluminium powder in a fire-clay pot. An iron- 
chromium alloy is used for steel-making. This is made 
from a mixture of iron oxide and chromium oxide (as 
found in the ore) either by heating it with aluminium or 
by heating it with carbon in an electric furnace. 

Steel which contains a small amount of chromium is 
very hard. А steel which contains 1 per cent. of carbon 
and 23-4 per cent. chromium is so hard that ordinary 
tools cannot cut holes in it. It is used for making bank 
“ safes " and railway “ couplings " (hooks, etc.). We һауе 
already described some of the many important uses of 
nickel-chromium steels (p. 87). Another important alloy 
consists of about 20 per cent. chromium and-80 per cent. 
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nickel. It is called Nichrome. It conducts electricity 
only moderately well, and so becomes hot when an electric 
curzsnt is passed through it, but it does not melt easily or | 
spoil with {Бе heat. » It is therefore much used for making 
the heating wires in electric ovens, * fires," and similar 
things. 

We see the pure metal on things which are chronfium 
plated. The plating is put on by an electrical process and 
so we call the process “ electro-plating.” We read: in 
Chapter X how electricity can cause a chemical change to 
take place in a solution of a salt so that the metal part of 
the salt is set free at the cathode. If a current passes 
through a solution of a chromium salt (such as chromium 
sulphate), chromium is set free at the cathode. In chro- 
mium plating, the thing which is to be plated (e.g. the tray) 
is used as the cathode. Then the chromium which is set 
free forms a thin layer on it. The actual plating, though 
hard, is very thin, and so the thing 1s nickel-plated first. 
The chromium protects the cheap metal from which the 
thing is made and its bright surface is very pleasing. 

The name “ chromium ” tells us something more about 
this important metal. It comes froma Greek word which 
means “colour.” Most chromium compounds are brightly 
coloured, usually red, orange, or green. Some of these 
compounds are used, as you might expect, in making dyes 
and paints, and as colouring material in glass and pottery. 

There are many Rinds of steel-alloys, each with a special 
use, and we cannot describe them all. We will end by 
reading about “ high speed steel.” In some factories 
there are machines for cutting metals. The cutting tools 

fast and become very hot. 


in these machines move very f 
16 lose their hardness or break when 


teel too 5 i 
nel dd hot. High speed steel is a complicated 
allay which contains (as well as the carbon) chromium, 
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tungsten, and a very uncommon metal called vanadium. 
А tool made of this alloy can make а hole 3 in. wide 
, through a cast-iron bar 25 ins. thick іп 8 seconds. (Yow 
you see why the alloy is called “ high speed!) And it 
can continue cutting at this speed for hours, even if is 
end becomes red-hot. 


a 
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Ў JEWELS 
diamond? It looks like а small piece 
of clear glass, but it shines in the light and gives flashes of 
different colours. People use diamonds as ornaments. 
Sometimes they are fixed to a gold.ring and worn on the 
finger. There are also other kinds of jewels. Rubies 
pate beautiful red jewels and sapphires are blue. Other 
‘jewels are green or purple. Topaz is often yellow or 
_ brown but some kinds of topaz are white and look like 

big diamonds. Most jewels, of course, are very valuable. 

All jewels are very hard. А diamond is the hardest 
Substance known. Because they are hard, jewels cannot 
easily be scratched, and they do not wear away. 

Most people now think that diamonds are the most 


beautiful jewels, but, long ago, people did not think so. 
the ground it is not very 


When a diamond is dug up from 
beautiful. Butmen have found out how to cut and shape 
a diamond so that it flashes in the light and now we some- 
times call it the Queen of Jewels. 
Diamonds were first found in certain river gravels in 
India. Later they were found in Brazil (South America) 
and, nearly a hundred years ago. in the gravel which 
forms the sides of the Vaal River in South Africa. We 
Сап guess, from what We have read about gold and tin, 
that the diamonds which are found in river gravel have 
been washed out of the older rocks in the hills. „Мех 
diamonds were found іп the easily-broken, yellow * sub- 
Soil" in certain parts of South Africa. ( ` Sub-soil is 
the layer of rather hard soil below the ordinary soft soil 
% 111 


HAVE уди seen а 
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in which plants grow.) Men dug deeply into this sub- 

soil and found that there was a blue rock below it. They 
sptead this rock out on the ground in fielde, so that rain 

and sunshine could reach it, and it gradually became 
yellow like the sub-soil. The yellow sub-soil (which 
contains the diamonds) was made from the blue rock. ( 


Now very deep mines have been made and diamonds are 
obtained direct from the blue rock. 


In 1919 some scientists were e 
the Birim River in the Gold Co 
Since then, many diamonds have been found.in the gravel 
of the smaller rivers in the Birim valley, and, in smaller. 4 
numbers, in many other parts of the country. Recently 
diamonds have been found in Tanganyika. 


Diamonds are very rare. Only a few are found in 


xamining the gravel near 
ast and found a diamond. < 


ae IU 


(coto : Нох Phoios) 


Washing machine at the Premier Diamond Mine, Pretoria (South Africa). 


M 
| 


> diamonds from the gravel. 
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much gravel or clay. The gravel is dug up and carried 


in trucks to “ washing ” machines. In these machines, 
streas of»water wash away the sand and mud and leave 
behind the coarse gravel and (perhaps !) diamonds. 
Then the gravel is put into boxes which are made to jump 
up and down and clean water is passed into them. The 
diamonds, which are heavy, sink to the bottom but the 
gravel is carried away with the water which runs out of the 


tops of the boxes. There is another way of separating 
After the sand and mud 


have been taken away, а stream of water carries the gravel 
е. The plate is covered with 
there are any) stick to the 
s carried away by the water. 
By now you may i hat diamonds аге 
made of, The answer Diamonds 
consist of carbon. But, you will say» carbon is a black 
Substance ; soal consists largely of carbon. That is true. 
A. diamond is a carbon crystal, and, strange as it may 
seem, the crystals are white. We do not know éxactly 
how diamonds have been formed in the rocks. Perhaps, 
deep down below the surface, some carbon was melted 
by the heat and, under great pressure, it formed a crystal 
when it cooled. A French scientist once tried to make 
diamonds by dissolving рше carbon in melted iron and 
then cooling the iren very quickly. To his delight he 
succeeded in making a feW diamonds but they were very 
small, The cost of making diamonds in this way is 
more than the value of the poor diamonds which are 


obtained. А TUS 
Diamonds are sorted according to their size, shape, and 
colour. (Some diamonds are slightly coloured joym; 
purities.) .Тһеу аге sold by weight vp big 
. diamonds nave been given special names. 09 р 
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Koh-i-noor diamond, found in India, weighs over $ oz. 
The biggest diamond so far found came from a South 
African mine. It weighed about 22 ozs,! „Т6“ йпе 
jewels, each bigger than the Koh-i-noor, were made from 
it, and more than a hundred smaller jewels. uw < 


Top view 


Top view 
T o 
Side view Síde view 
if (a) (6) 


Fic. 24, 


In making jewels, the diamonds (or other stones) must 
be cut to certain shapes and polished. The shapes are 
such that the jewels show their colours well and shine in 
the light. Fig. 24 shows two shapes which have been 


ха 


115 


, JEWELS 
light, from the sun or a lamp, is ^ e 
really a mixture of colours. 9 D 
The “chief colours are red, 4 Ше? 
о А SIS 


orange, yellow, green, blue, and 
violet, We Ҹо not usually see 
these colours because they are 
all mixed'together. In Fig. 25, 
a ray of ordinary light falls on 
the top of the cut diamond at 
„А. It bends a little as it goes 


into the diamond, but, more 
important, light of each colour is bent by a different amount. 
Red light is bent least, violet light most, and other colours 
„in between. So the colours of the light are separated. 
The rays of different colours are reflected by other sides of 
the diamond, as at B and C; and come out again. When 
you move the diamond about, rays from the sun or lamp 
hit the top іп, various ways: and rays of different colours 
come out at all sorts of angles. Hence the diamond 

flashes brightly. ү 
Many people know that diamonds are valuable jewels 
but do not realise that they have other important uses. 
As we read earlier, a diamond із the hardest substance 
ў mond can cut and scratch 


known. Because of this, a dian f 
all other substances and itself is not worn away. Dia- 


monds which are useless for jewels, because they are small 


ог of bad colour, are used in many Ways: Some are used 
ools and others put on the ends 


for making elass-cutting t 5 
of нп tools. i eels which are used for grinding 
and polishing metals have diamond | dust" on their 
edges, and the dust is also used for cutting and polishing 
the bi ed as jewels. 

ver iia НЕ Hee in electric lamps and those 
Which form the springs of pocket watches, could not be 


Fic. 25. 
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made without diamonds. 


Wires are made by pull- ' 


zum, Mg a thin rod of«netal 

: through а уегу small 
hole. Fig. 26 shows»the 

idea. The rod is pulled 

Fic. 26. through smaHer and 


smaller holes so that it 
becomes thinner and thinner, The metal rubs very hard 


on the sides of the hole, and tends: to make the hole | 
bigger. So a hole is made through a diamond and the 
diamond then fixed in a frame. The fod is pulled 
through this hole, but, because the diamond is so hard, % 
does not wear the sides of the hole. у 
Some people like coloured Jewels better than diamonds. 
All jewels are hard rock crystals. 
by very small amounts of impuritie 


give the colour. When the dro 
it looks exactly like a real Tu 
jewel is called topaz. It is oft 
which contains tin ore, It 
Nigeria. Usually it is colo 


diamond, 


о 


a 
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All jewels are hard, and, like diamonds, are used in 
making tools for grinding and cutting. There are usually 
some jewels іш a pocket watch. They form'the supports 
for the little axles. Although the axles turn thousands 
of ‘times іп “а year they do not wear the jewel supports. 
Small or poor jewels are used for such purposes, or, quite 
often, jewels which have been made artificially. 


Models of the Cullinan diamond (right) and the jewels which were made 
from it The diamond, weighed 22 oz. and measured 4” x 21° x 2”. 


CHAPTER XIT 
TREASURES FROM THE SEA 


THE seas cover about three quarters of the Earth’s surface. 
Some seas are deeper than others. The deepest sea is 
ntar some islands between Asia and Australia. There 
the sea is about 6 miles deep. On the average the seas 
are about 2 miles deep. This great amount of water 
contains many useful materials, 

Sea water has a bitter, salt taste. If we take some sea’ 
water and boil it carefully, so that all the water turns into 
steam, a dirty white powder is left. 
is ordinary salt. From 100 Ibs. of se 
2% Ibs. of salt and about $b. of othe 


have examined this other 4 lb. Much of it consists of 
compounds of magnesium and potassium, about which 
we shall read more later, but there are also small amounts 
of many other compounds. АП of these compounds 


are dissolved in the water, There are even very small 
amounts of gold. 


à water we get about 
rmaterials. Scientists 


as contain many kinds 
of materials. The streams and ri 


but the seas have 
perhaps millions ОЁ 
to the sea bottom, 
nimals which live in 
the water. 


ould fill a bucket 


amount of each material. But 
118 


Most of this powder | 


е 


‚ for example, has 


dried up a very 
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the seas are so big. Try to imagine the water in a part 
of the sea which is 1 mile long, 1 mile wide, and 1 mile 
deep. "This is, a very big amount of water although it 
is only a small part of the seas. This amount of water 
contains abóut 177 million tons of salt, 5 million tons 
of magnesium compounds, large amounts of other 
materials, and even 23 tons of gold. i 
Why, then, do we not get these useful materials out 
of the sea? In the last few years certain materials havè 
been obtained from the sea. But from millions of tons 
of water we only get a few pounds of useful materials. 
The cost of the machines and of the work which has to be 
Uone may be more than the value of the material. Gold, 
been obtained from the sea, but the cost 
than the value of the gold. So, 
the ground have been used up, 
f the materials in the sea. In 
few materials which are 


of getting it is more 
until most of the ores in 
little use will be made 0 
this chaptersye shall read of the 
already obtained from the sea. ў 

Ordinary salt is a very important material. Мен and 
animals need small amounts of salt in order to keep 
healthy. Great amounts of salt are used in the making 
of many important chemical substances. Soda is made 
from salt. It is used for washing and in the making of 
soap and glass (р. 19). Another important substance 
which is made from salt is called caustic soda. This is 
used in the making of artificial silk and paper. Yet 
another important substance is a gas called chlorine. 
This is used ta take the colour out of paper and cloth, and 


to kill disease germs inwater. — . | 
In parts of England, and certain other countries, there 
ts of salt in the ground. Scientists 

and salt-lakes which 


are large amoun А 
beli t the salt came from 56245 
pad uy This salt can be dug up 


long time аро. 
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from mines. More usually, water is allowed to flow 
into the mines. It dissolves the salt and is then pumped 
out. The salt water is then boiled to drive away the 
water and so leave the salt. In other countries salt must 
be obtained from the sea. Often shallow lakes are.níade 
near the sea and sea water run into them. (In some 
places, such as parts of West Africa, there are natural sea- 
water lakes near the shore.) In the dry seasons the water 
Of the lake evaporates and leaves а layer of salt on the 
bottom. ^ е 

In England the salt in the ground is fairly pure. In 
Germany there are also great layers of similar materials. 
These are chiefly compounds of magnesium and potassium: 
These materials, too, were probably formed from a sea , 
which dried up long ago. For many years, most of the 
world's supply of these compounds came from these 
layers. E 

In 1924 men began to try to get materiale (other than 
salt) from the sea. They wanted compounds of an 
element called bromine. You may never see this unusual 
element. It is a red-brown liquid which easily turns into 
а тей vapour. Its chief compounds are called bromides. 
Bromides are used in making photographs, certain kinds 
of medicine, and certain dyes. Other bromine compounds 
are often put into petrol. It was for this last purpose 
that men decided to try to get bromine from the sea and 


not to depend upon the bromine compounds which are 
found in the German rocks. 


First scientists had to find out how 
compounds from the sea water. Then engineers had to 
find out how to build the necessary machines. About 
4,000 gallons of water must be used to get 1 Ib. of bromine. 
A factory for making bromine uses several million gallons 
їп а day. This great amount of water must be pumped 


2 e 
to get the bromine 


. 
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"from the sea, any sand and mud must be taken out, and, 
after the bromine compounds have been obtained, put 
backeinto a different part of the sea (so that it is not used 
again). АП 6f this «must be done cheaply. Several 
factories for doing this have now been made and thousands 


" of tons of bromine are obtained from the sea every year. 


d ГИҢ 


; | 
(By courtesy of the British Periclase Co. Ltd.) 
согу at which magnesium is obtained from the sea. 


Generals EE he pipes (left) leading їп from the sea. 
B 


Notice t 


Next scientists tried to get magnesium compounds 
from the sea. Magnesium isa metal. (Do not mistake 
magnesium for manganese.) Tt is even lighter than 


| aluminium but as strong as steel. If you hold a piece of 
| magnesium wire in a flame it catches alight and burns 
| with a Very bright light. Thick pieces, however, do not 
| catch alight. easily and only burn if they are made very 
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hot. Some magnesium is used for making bright lights, 
as for example, by ships at sea for making signals, but 
its more important use is in making alloys. рече 

Magnesium compounds are fairly common іп the rocks 
of the Earth’s crust (see Fig. 1, p. 8). Some compoends 
are similar to limestone and whole mountains are made 
of them, but it is not easy to get the metal from them. 
In the great “ salt ” rocks in Germany there is a substance 
called magnesium chloride. Magnesium can be obtained 
from this substance іп much the same way as aluminium е 
is obtained from its ore. Тһе rock is melted іп a cast-iron 
pot and an electric current passed through. The iron 
pot forms the cathode. The magnesium is set free at thc 
cathode. It is melted by the heat and floats to the top 
of the melted rock. It is run off and cast into blocks. 

During the last Great War much magnesium was 
needed for making alloys for aeroplanes. Scientists 
thought about the magnesium compounds ,in the sea. 
In 1941 the first piece of magnesium was made from the 
sea. » Now there are several factories in America where 
both magnesium and bromine are made and magnesium 
has also been obtained from the sea near England. The 
magnesium compounds are changed into a very pure 
form of magnesium chloride and then the metal obtained 
in the way we have described. s 

Magnesium alloys have many uses. Almost all these 
alloys contain aluminium, and some also contain zinc or 
manganese. They are уегу light in weight (about two- 
thirds the weight of aluminium) and can be shaped easily: 
They are used chiefly for parts of aeroplanes and motor- 
car engines. 

We now turn to another material in the sea. Many 
years ago men used to burn wood and put the white ashes 
in pots of water. The water dissolved a substance, 


° 
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something like soda, from the ash. They called this 
substance “ pot-ash.” We know now that potash is 
a compound formed from the metal which we call potas- 
sium. (Wẹ do not «often sce the metal.) Potassium 
corapounds аге very important. All plants need potas- 
sium compounds in order to grow well. A farmer often 
spreads potassium compounds on his fields as a fertilizer 
to help his crops to grow. Many tons of potassium 


compounds are needed, all over the world, for such 
° 


purposes. 
The seas contain potassi 


D 


um compounds. These com- 
pounds, however, are so like ordinary salt that it is 
difficult to separate them. If we put some sea water in 
a pan and boil away the water 
of salt, potassium с 
Now suppose We t 
water boils away Very gradually. First the salt settles 
as a solid ąt the bottom of the pan, then the potassium 
d But 


compounds, ' nd then the magnesium compounds. 


we should get only 3% Ibs. of all kinds of compounds from 
100 Ibs. of sea water. 


The cost of heating the water, 
especially as it would have to be done so carefully, would 
be more than the value o 


f the materials obtained. In 
some parts of the world there are salt-water lakes which 
dissolved substan 


ces than ordinary sea 
in America ; à 


water. Some are! nother is the Dead Sea. 
100 Ibs. of water of the Dead Sea contain 30 Ibs. (not 


34 Ibs.) of dissolved materials. 50, 


«ve should get, much more Im: 
compounds) than from ОГ 


pounds might be worth the cost o 
In the last few years big amounts of potassium com- 


pounds have been obtained from the Dead Sea. Water 
is pumped "тот the Sea into big hollows made in the 
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v 


анына. 
(By courtesy of Palestine Potash Ltd.) 
Loading the dried material into trucks. 
ез 


Potash from the ре Sea. 


of the ores have been used up, 


men will try to таке 
greater use of the “ treasures > 


"іп the sea, , 


о 


Т 
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і ‘rials are discussed. 
end finally the sea as a source of materials are discusse 
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engines, natural sources of power, electricity and atomic pow En ғ ( 


1 Е | 
2 The Wonders of Light proceeds from simple ideas to pmpa "т 
shadows, and. straight-line propagation. Mirrors, lenses A 
Optical instruments and colour, x-rays and фе photo-electric 

- cell are also examined. 


- Electricity discusses the essential principles of electric cells д 
"Circuits, electric lighting and heatingf electroplating and g 
electromagnets. 


Fire and Heat starts with a discussion of the nature чене 
fire and flame, and the common types of fuel. The methods 0 


transmission of heat are examined as well as man’s use of fire 
a source of heat and power. | 
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